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PROVING RINGS. 


INCREASING refinement of the methods and appa- 
ratus used for mechanical , combined with 

_ growing appreciation of the merits of standardisa- 
_ tion, have directed attention to the often unsuspected 
errors that may exist in mechanical testing machines. 
Re-calibration is obviously necessary after repair or 
reconditioning of any part inherently concerned 
with force measurement, but the degree of error 
that may develop as the outcome of progressive 
wear and general deterioration of knife-edges or 
other components that are out of sight can also 
exceed the apparent accuracy limits of the machine. 
Against such conditions the only reliable safeguard 
is periodic calibration, preferably by some direct 
method of force comparison which is adequately 
accurate, yet much easier than dead-weight loading. 
The latter procedure, even with the simplification 
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of precise levers, may be almost prohibitively i incon- 
venient, and is subject to sources of error 
to those under investigation. Far preferable, where 
convenience is important, is some compact and 
self-contained form of apparatus that can be 
rapidly used, with no modification of the testing 
machine, on machines of diverse types, and which is 
readily portable so that machines in test houses 
and laboratories throughout a wide area can be 
all set accurate and kept in agreement with one 
another. Further desirable requisites are that the 
device, with a minimum of adaptation, shall be 
of measuring either tensile or compressive 
forces, and that its accuracy shall not suffer secular 
deterioration, or changes associated with tempera- 
ture that cannot be easily corrected. 

Among a number of instruments invented to 
fulfil these objectives, one of outstanding merit is 
the proving ring. Essentially this is a ring of 
elastic material which, when loaded diametrically, 
changes in diameter by an amount definitely related 
to the applied load. The underlying ‘principle is 
not new, and is embodied in at least one type of 
old-fashioned spring balance. The development of 
the modern proving ring, of such large capacity as 
to comprise a convenient alternative to dead weights 
for calibrating testing machines of the largest, as 
well as of small, sizes, however, is fairly recent, and 
is predominantly due to the experimental work 
during the past 25 years of two American investi- 
gators, H. L. Whittemore and S. N. Petrenko, at 


the National Bureau of Standards, Washington. 
To-day proving rings are being made commercially, 
and in capacities up to 150 tons, and many hundreds 
of smaller-sized rings are in regular use, mainly in 
the United States of America. In Britain, one of 
the principal and earliest users of the device was 
the National Physical Laboratory,*- which pur- 
chased, shortly before the last war, four modern 
proving rings having maximum capacities, respec- 
tively, amounting to 300,000 lb. compression ; 

100,000 Ib. compression. or tension; 25,000 Ib. 

compression or tension ; and 3,000 kg. compression. 

These rings, after dead-weight calibration at the 
National Bureau of Standards, have been in use for 
maintaining the precision of testing machines at the 


in industrial and other mechanical laboratories 
The proving ring is evidently, therefore, a sufli- 


ciently important piece of engineering apparatus 








to justify the following description of its charac- 











teristic properties, which is based on a recent publi- 
cationf issued by the National Bureau of Standards, 
to whom acknowledgement is made for the photo- 
graphic illustrations here reproduced. 

Proving rings, whether for use in compression or 
tension, have essentially the same component 
which are shown by Figs. 1 and 2, herewith, for a 
typical compression ring. The ring itself, a, is of 
rectangular cross-section, having an axial length 
some four or five times its radial thickness. The 
inner and outer cylindrical faces are accurately 
circular when the ring is unloaded, apart from the 
presence of bosses, arranged symmetrically about a 
diameter, which are integral with the ring. The 
load to be measured is applied through the external 
bosses, of which the upper one, 6, commonly has 
a convex spherical end, centred at the centre of the 
end of the lower external boss c, and “thus having 
a radius equal to the overall height of the ring. The 
end of the lower external boss is usually plane, and 
perpendicular to the axis of the bosses. 

Under load the ring deforms elastically, reducing 
its diameter in the direction of compressive loading 
by a distance which is measured precisely by a 





* National Physical Laboratory, Annual Report for 
1938, page 79. 

t Proving Rings for Calibrating Testing Machines, by 
Bruce L. Wilson, Douglas R. Tate, and George Borkowski. 
National Bureau of Standards Circular No. 0454 (1946). 
Superintendent of Documents, U.S. Government Printing 
Office, Washington 25, D.C. [Price 10 cents.] 
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micrometer screw d@ mounted in a nut attached to 
the lower internal boss g. This boss also carries 
@ cross-arm, supporting at each end a vertical index 
pointer 7 whereby are made against the 
graduations on the rim h of the wheel on the micro- 
meter screw. The correct setting of the micrometer 
-is judged by the aid of a reed & of thin steel strip, 
clamped to the upper internal boss f and bearing 
at its lower end a small mass 1. The reed, when 
vibrating, is damped by contact between the lower 
hee eee nee # eapiesl prominence e on the 
micrometer wheel. 

The ring illustrated by Fig. 3, on this page, can 
be adapted for measuring either compressive or 
tensile forces by the use of tension fittings which 
te spherical bearings to minimise eccen- 
. | tricity of loadin The weights and heights of 
tension rings, apart from the tension fittings, are a 
little greater than those of compression rings of 








equal capacities. These weights vary from about 











Fic. 3. Provine Rine wits TENSION Frrrines. 


2 Ib. for a 2,000-Ib. ring up to about 150 lb. for a 
300,000-Ib. ring, the corresponding overall heights 
being 6 in. and 19 in., respectively. Proving rings 


parts, | are usually made of alloy steel, rough-machined 


from annealed forgings, heat+treated, and then 
ground to size. An appropriate stecl contains 
carbon 0-50 per cent., chromium 1-00 per cent., 
and nickel 1-75 per cent., and is heat-treated to 
give a diamond-pyramid hardness number in the 
region of 475 and to have a tensile strength of 
230,000 Ib. per square inch, a 0-05-per cent. proof 
stress of 210,000 lb. per square inch, and 8 per cent. 
elongation on 2-in. gauge length. 

Deflection of the ring, corresponding to an applied 
load, is derived from the difference between the 
micrometer readings in the loaded and unloaded 
conditions. To make a measurement, the micro- 
meter is withdrawn until the reed is free to vibrate 
and the reed is then pushed to ohe side by a pencil 
or similar rod—not with the finger, which may 
introduce temperature changes affecting the length 
of the reed—until the small mass is displaced 
about } in. from the prominence on the micrometer 
wheel, and is then suddenly released. While the 
reed is vibrating, the micrometer is advanced until 
the prominence touches the lower end of the vibrat- 
ing mass, producing a characteristic buzzing tone 
and reducing its amplitude to zero in two or three 
seconds. A practised operator using his peculiar 
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PROVING RINGS: 























“touch ” each time can reproduce readings and 
differences to an accuracy of one or two hundred- 
thousandths of an inch, and different operators can 
obtain comparable deflections even though their 
methods of micrometer adjustment differ. The 
pitch of the micrometer screw is usually in the 
range from 40 to 64 threads per inch, and the 
combination of a well-made micrometer. and a 
vibrating reed issequal in sensitivity, and superior in 
ruggedness and accuracy, to the best types of dial 
gauges commercially available. As an alternative 
to manual operation, the reed may be vibrated 
electrically by means of an additional fitting like 
that shown in Fig. 4, herewith. This equipment is 
convenient and minimises the risk of accidental 
damage in manipulation of the reed, but the correct 
contact between the reed and the micrometer must 
be indicated by advancing the prominence on the 
screw-wheel just far enough to interfere visibly 
with the amplitude of vibration, and must not be 
judged by change in the intensity or frequency of 
the sound. 

Proving rings are usually designed to register a 
deflection between 0-05 in. and 0-1 in. under the 
capacity load, and the corresponding computed 
working stress may safely be as high as 150,000 Ib. 
to 165,000 Ib. per square inch. For satisfactory 
performance, the maximum working stress must, 
of course, be less than will cause permanent set. 
The theoretical elastic behaviour of circular rings 
of re cross-section has been studied by a 
number of independent investigators,* and experi- 
ence has shown that, in the case of stresses, 
theoretical values are satisfactory for proving rings 
provided they are free from stress concentrating 
features of shape, such as fixing holes, stamped 
numbers or tool marks, and, in particular, have 
adequate fillets where the bosses join the ring. 
Design stresses lower than those above 
must be used for rings in which the deflection- 
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measuring device is attached to the ring by plugs 
or screws that are not integral with the ring itself. 
As regards elastic deformation, however, the mea- 
sured deflections of proving rings are usually found 
to be about 25 per cent. less than those computed 
for plain rings, as a consequence of the stiffening 
effect introduced by the integral bosses. 

While this experimental fact is a useful guide in 
design, the relationship between the deflection of a 
proving ring and the applied force must be known 
with great precision and every proving ring should, 
therefore, be individually calibrated before use. 
For this purpose, the National Bureau of Standards 
uses direct dead-weight loading, free from inter- 
mediate leverages. Two machines of different range 
and capacity, installed at the Bureau, were described 
in an earlier Circular* by the authors of the mono- 










* S. Timoshenko, Strength of Materials, Part II, 
Ohap. 2; C. E. Larard, Phil. Mag., page 129 and page 
4183-(1931). 


* Dead Weight Machines of 111,000 lb. and 10,000 b. 
Capacity. National Bureau of Standards Circular No. 





C. 446 (1943). 


graph on proving rings. The larger machine tests 
loads from 2,000 Ib. to 111,000 Ib. by increments 
of 1,000 Ib., while the range of the smaller one is 
from 200 Ib. to 10,100 Ib. by 100-Ib. increments. 
Kach machine is designed to apply either compres- 
sive or tensile forces, the principle of operation 
being shown diagrammatically by Fig. 5, herewith, 
which refers specifically to the 111,000-Ib. machine. 
It consists essentially of a hydraulic jack, an upper 
and lower frame, and flat cylindrical weights applied 
to the lower frame. The upper frame is supported 
by a ball that rests on the ram of the jack. The 
upper frame is connected to the lower frame only 
by the elastic device undergoing calibration. Loads 
are applied by raising the upper framie with the 
jack, which lifts the lower frame and the weights 
by forces transmitted through the calibration 
device. The number of 10,000-Ib. weights affected 
by the lower frame depends on the height to which 
the frame is raised. The number of 1,000-lb. weights 





applied to the lower frame is adjusted by means of a 
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motor-driven gear attached to the upper frame. 
The entire machine is about 30 ft. high and 12 ft. 
wide, embracing three floors, the weights being on 
the lowest, the calibrating device on the second 
floor, and the hydraulic jack on the third floor. 
The second floor is a room in which temperature is 
controlled to within +0-5 deg. F. and is normally 
kept at 70 deg. F. The jack is actuated by an 
electrically-driven multi-cylinder pump. The cast- 
iron 10,000-lb. weights are 84 in. in diameter and 
7} in. thick. The steel 1,000-lb. weights are 33} in. 
diameter and 4 in. thick. Adjusting cavities in 
the sides are closed by threaded plugs. The large 
nuts on the threaded vertical rods are adjusted to 
leave only a small vertical clearance, so as safely 
to limit the possible fall of the weights should the 
calibrating device fail under load. The upper yoke 
of the lower frame is the upper compression head and 
the lower tension head of the machine. It may be 
adjusted vertically by the motor-driven nuts on 
the threaded rods, and devices up to 6 ft. in length 
can be calibrated. The weight of the lower frame 
and the suspension members attached to it is 
adjusted to be exactly 2,000 lb. The errors of 
individual weights do not exceed about 0-01 per 
cent., and the overall accuracy of testing is claimed 
to be within 0-02 per cent, 

Proving rings are usually calibrated at ten 
approximately equally spaced loads ranging from 
one-tenth capacity up to the full-capacity load. 
A preliminary pre-load to capacity is desirable to 
stabilise the no-load ing of the ring, and a 
no-load reading is taken before and after each load 
reading, the difference between the latter and the 
mean of the two no-load readings on either side of 
it being accepted as the deflection of the ring, from 
which the calibration factor (that is, the load 
divided by the deflection) is computed. Thus the 
complete calibration of.a proving ring is repre- 
sented by a graph such as that reproduced in 
Fig. 6, opposite, showing the calibration factors 
(pounds per division of the deflection apparatus) 








CALIBRATION OF LarGe-Capacity Provine RING. 


plotted as ordinates against deflection (micrometer 
divisions) over the full range of deflection. The 
typical form of this graph is a straight line sloping 
downward as the deflection (i.e., the load) increases, 
in the case of compression rings, but sloping up- 
wards for tension rings. In use, the load upon a 
ring is computed by multiplying the measured 
deflection of the ring by the value of the calibration 
factor appropriate to that deflection. 

In cases where proving rings of large capacity 
require to be calibrated above the upper limit of 
the available dead-weight apparatus, the expedient 
illustrated in Fig. 7, herewith, is used. The large 
ring under test—the upper one in the photograph— 
is supported on three previously-calibrated smaller 
rings in an ordinary vertical testing machine of 
adequate total capacity. The three small — 
which are desirably of nearly equal capacity, rest 
on strong truncated cones with prepared parallel 
upper and lower faces, and are-situated at the 
corners of a triangle of which the centroid lies on 
the common axis of the testing machine and the 
large ring. A thick steel plate rests on the upper 
bosses of the lower rings. The ring to be calibrated 
is mounted between plane-surfaced blocks of 
hardened steel, and is adjusted so that, when forces 
are applied by means of the testing machine, the 
deflections of the three lower rings are equal within 
about 1 per cent. During the actual calibration of a 
proving ring with this arrangement, the load indi- 
cated by the testing machine is disregarded. Instead, 
the four proving rings are read simultaneously, 
while the load is held constant or very slowly 
increased, the force applied to the large ring being, 
of , the sum of the forces indicated by the 
three previously calibrated rings.. By this method, 
calibrations up to 300,000 lb. are claimed to be 
accurate to within less than 0-1 per cent. 

The use of one or, if necessary, more calibrated 
proving rings for calibrating testing machines can 
readily be imagined from Fig. 7. When a single 
ring of large enough capacity is available, it is 





suitably mounted along the axis of the machine 
80 that the forces imposed by the machine pass 
accurately along the diameter through the centre 
of the loading bosses. The applied load is in- 
creased by suitable increments and simultaneous 
readings are taken on the ring and the machine 
under test. For calibrating a horizontal testing 
machine, the no-load readings are taken with the 
ring supported by its external bosses. If the 
capacity of the machine exceeds that of the largest 
available ring, two or more similar rings are mounted 
in parallel, much as the three small rings are shown 
in Fig. 7, and all are read simultaneously with the 
testing machine undergoing calibration. By this 
method, employing a sufficiently large number of 
proving rings, calibrations up to about 2,000,000 lb. 
have been carried out successfully. 

Since the dimensions and elastic properties of a 
proving ring are affected by the temperature of the 
material of the ring, it is usually desirable, in work 
of high accuracy, to allow time for a ring to attain 
the steady temperature of its surroundings before 
using it, to measure that temperature, and to apply 
a correction if the temperature differs from that 
at which the ring was originally calibrated. An 
investigation* of thermal effects in proving rings, 
published last year, takes account of the expan- 
siou of the micrometer screw as well as of the 
ring itself, and shows that, with permissible ap- 
proximations, the temperature coefficient of the 
complete proving ring is equal to the temperature 
coefficient of the Young’s modulus, plus twice the 
coefficient of thermal expansion, of the ring material. 
The influence of Young’s modulus is the more 
important and this depends on the chemical com- 
position and heat treatment of the steel, but the 
effect is small for changes of temperature likely to 
be encountered in practice. In American metrology, 
the standard temperature for calibration is 70 deg. F. 
and on this basis the readings of a ring used at a 
temperature of ¢ deg. F. are corrected by the 
formula 

dy = & (1 + Kt — 70)] 
where d,, is the deflection of the ring at 70 deg. F., 
d, is the deflection of the ring at ¢ deg. F., and 
K is the temperature coefficient of the ring. 

Values of K ranging from —0-00011 to —0-00024 
have been observed experimentally, but for the 
majority of rings, having a total alloying content not 
exceeding 5 per cent., asufficiently accurate value for 
K is —0-00015 for probable room temperatures up to 
100 deg. F. It is worth remarking that experiments 
in which proving rings were cooled by solid carbon- 
dioxide revealed a considerable effect on the tem- 
perature coefficient of Young’s modulus, such that, 
over the range from +70 deg. F. to —93 deg. F. 
the average value for K was —0-00023, as compared 
with —0-00015 in the room-temperature range. 

A related point of academic interest is that a 
proving ring, in common with other materials, 
suffers instantaneous temperature changes due to 
change of stress. Compressive stress causes rise of 
temperature, and vice versa; consequently, the 
reading of a suddenly loaded or unloaded ring 
changes slightly as temperature equalises through- 
out the material. This equalisation occurs so 
rapidly that it may be ignored without significant 
error in rings of less than 100,000 Ib. capacity, and 

in larger rings, provided that readings are 
taken not less than half a minute after any sudden 
change of load. 

Several other sources of error in the practical 
use of proving rings have been investigated, and 
may be briefly noted. One of them is due to hys- 
teresis in the ring material and may be revealed 
if the sequence of loaded and no-load readings, 
followed during use in testing, differs appreciably 
from that followed during calibration of the ring. 
This phenomenon has been studied in the case of 
three rings, having capacities of 3,000 kg., 20,000 lb., 
and 100,000 Ib., respectively. Each ring was kept 

for 24 hours and then loaded to capacity 
and maintained under that load for three hours, 
during which period the maximum creep observed 





* Temperature Coefficients for Proving Rings. By 
Wilson, Tate and Borkowski. Research Paper R.P. 1726. 
U.S. National Bureau of Standards Journal of Research, 
Vol. 37, No. 1 (July. 1946). 
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was 0-05 of a micrometer division, corresponding 
to,0-01 per ‘cent. of the capacity load. The load 
was then completely removed, and in each case 
the no-lead reading changed during the ensuing 
half-hour, the maximum creep amounting to 0-4 
of a division, corresponding to 0-06 per cent. of 
the capacity load. Within 32 minutes for the 


were repeated. In addition to such tem 
creep phenomena, proving rings may be subject to 
long-term secular changes of calibration, but experi- 
ence at the Bureau of Standards with three 300,000- 
Ib. rings which have been peri calibrated 
throughout their 12 years of life suggests that ageing 
has insignificant effects in rings made of the recom- 
mended alloy steel. 

Among mechanical sources of error in the use of 
proving rings, that associated with imperfect align- 
ment of the direction of loading has been the 
subject of experiments in which a 100,000-lb. com- 
pression ring was deliberately loaded, by wedges, 
in directions up to 4 deg. out of truth, with respect 
both to the plane and the loading axis of the ring. 
The maximum errors introduced by 2-deg. wedges 
were about 0-17 per cent. at one-fifth capacity load, 
and 0-1 per cent. at full capacity load, while the 
maximum error introduced by 4-deg. wedges 
amounted to 0-46 per cent. at capacity load. These 


angle of less than 2 deg. can be detected by visual 
inspection, there is no reason why appreciable errors | s.quired 
due to inclination of loading should occur in 


practice. : ; 
Rather more inevitable, though still without 
serious likelihood, are errors due to wear of the 
contact surfaces on the vibrating reed and on the 
prominence at the centre of the micrometer wheel. 
The rate of wear varies with the mode of manipula- 
tion and the frequency of use, and in any event is 
slow; but, ultimately, the alteration of shape of 
the contacting surfaces leads to errors inthe measured 
deflections of the ring. They may be detected as a 
cyclic departure of the calibration points from the 
normally straight graph of calibration factor plotted 
against load. Experience suggests that rings in 
frequent use should have these worn surfaces 
reconditioned every two or three years. 
Occasionally, due to mishap, a proving ring may 
be overloaded and suffer permanent set or other 
mechanical damage. In such an event, the ri 
must be recalibrated after repair, but it is 
of interest to record that a considerable number of 
overloaded, permanently deformed, and mechani- 
cally damaged rings heve been re-calibrated after 
being reconditioned, and thereafter have given 


satisfactory performance. 

The experience of the National Bureau of Stan-| ~ jig. 
dards with rings, extending over the past 
20 years, Siar cabdAtell Graal 00 Sitnediade 0 tqeelbes- 
tion on the basis of which reliable rings for cali- 
brating testing machines can be manufactured 
commercially within limits of accuracy in use that 
are small compared with +1 per cent. In Fig. 7, 
which reproduces a typical calibration graph for a 
compression proving ring of 50,000-Ib. capacity, 
the straight line through the observation points is 
the result of a dead-weight calibration of the ring, 
while the curved outer lines represent the Bureau of 
Standards specification limits of accuracy. It 
seems likely that the use of i ings will 
become increasingly common for la and 
various experimental purposes, and that the prin- 
ciple will be developed in many other applications 
for which robust and durable, yet accurate, means of 
force measurement are essential. 





LICENCES FOR Pic IRON AND ScraP IN NEW IRON 
FOUNDRIES.—The Iron and Steel Board wishes it to be 
known that, in view of the necessity to make the most effi- 
cient use of available supplies required for the prpduction 
of iron castings, the Board closely examines applications 
for licences for the purchase of pig iron and scrap and 
may be compelled to withhold such licence in the case 
of iron foundries not already in operation, unless the 
Board’s prior approval of the undertaking has been 
obtained. Individuals or companies contemplating 
entering the iron-foundry business are accordingly 
advised to communicate with the Secretary of the Iron 
and Steel Board, Bush House, Strand, London, W.C.2. 
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Bofors Historia: 1646-1946. By BmrcER STECKZEN. 
Aktiebolaget Bofors, Stockholm, Sweden. [Price 
23 kroner.) 


To engineers in general, and particularly to those 
engaged in the steel and armament industry, this 


porary | history of one of the oldest steel-producing firms 


in the world will make interesting reading—if, that 
is, a knowledge of Swedish is among their accom- 
plishments. It is a large volume of 760 pages, 
excellently printed and profusely illustrated, and 
records the activities of the Bofors Company since 
its foundation, three centuries ago. The major 
portion of the book deals with developments at 
Bofors during the past 70 years, and only a short 
chapter is devoted to the firm’s early history, the 
intention being to publish a separate volume to 
cover this period comprehensively. 

Guns were produced in Sweden more than 500 
years ago, large numbers being made for export. 
During the reign of the warrior king, Gustavus 
Adolphus, improved methods, including tilt hammers 
driven by water wheels, were developed for the 
production of cast iron and wrought iron. The 
first power hammer in Sweden was built in 1632. 
In November, 1646, Paul Hossman was granted 
a licence to build two power hammers at Bofors. 
He disposed of the factory as svon as it was com- 
pleted two years later, and subsequent owners 

acquired large agricultural and forest estates 
surrounding it. Bofors being situated in central 
Sweden, the owners had access to a number of small 
fae tn th heen nas tt ie ee 
kilns in the forests providing the for smelting ; 
but, during the first 200 years, the proprietors of 
the Bofors plant de more on and 
for their income than on the iron industry. 

In 1812, Per Lagerhjelm bought Bofors, at the 
same time acquiring more land, increasing the extent 
of the property to 500 acres of cultivated land and 
3,500 acres of forest. He erected another factory, 
for producing nails, horseshoes, axes and shovels. 
The workmen were paid mostly in produce off the 
land. Lagerhjelm was a prominent industrialist 
who was much interested in industrial research, 
and wrote several treatises on metallurgical matters. 
His son, of the same name, a man of high talent and 
driving force, keen on trying new methods and 
became the sole owner of 
Bofors on the death of his father in 1856. He erected 
rolling mills and operated them to such purpose that, 
by 1870, Bofors became the largest lucer of 
bar iron and fine iron in Sweden. In 1867, the 
Bofors trade a B pierced by an arrow, was 
registered, and has since become known all over the 


oor 1850, the Swedish iron export, which up 
to this time had been considerable, was on the 
decline, due to foreign competition, especially from 
England, where the process of refining iron cheaply 
by the use of coal had been developed, thus ousting 
the Swedish charcoal iron in markets where high 
quality was not essential. England had the 
advantages of large capital and excellent transport, 
as also had France and Germany, so that, in these 
countries, production on a large scale was possible. 
Sweden, on the other hand, had little capital and 
poor transport facilities, not to mention other 
hindrances, such as Government restrictions on 
output and a ban on the export of iron ore. The 
Swedish iron industry, therefore, split up in a large 
number of small and widely scattered unde 
of which Bofors was one. Recognising the danger 
from foreign competition, the owners co-operated 
in persuading the Government to abolish most of 
the restrictions. Railways were built, all by private 
enterprise, and, eventually, the developing financial 
structure of the country made it possible to raise the 
capital for production on a large scale, 
so that the small concerns gradually disappeared. 
The industry undertook the improvement of its 
technique and concentrated on high-grade iron, 
realising that it could not compete against foreign 
mass-produced goods made of low-grade iron. The 





consumption of charcoal, a costly item, was reduced 
by the introduction of the Bessemer and Martin 


processes, facilitating the production ee hal 
quality steel on a large scale and at low cost. 

It was under these conditions that the Bofors 
Company was formed in 1872. They acquired 
Bofors and a dozen other undertakings—amo ong 
them Skagersholm, which belonged to Norden(clt, 
the inventor of weapons of war—and a numbe: of 


the managing director. A blast-furnace was built 
at Bofors and, in 1877, a Martin furnace. Car] 
Danielsson, who was experienced in the Martin 
process, was the company’s chiefengineer. When it 
became known that Krupp had succeeded in pro. 
ducing a good quality cast steel for guns by the 
Martin process, intensive experiments were made 
and, in 1880, high-grade cast steel was produce:! by 
the Siemens- Martin The interest of Swedish 
military circles was aroused, and the Navy ordered a 
4-pdr. smooth-bore gun for trial. It proved a great 
success and, as a result, the State made a grant of 
100,000 kr. to Bofors for further experiments with 
cast-steel guns. This was the beginning of the com. 
pany’s gun production. 

Now followed a period of intense research and 
experiment. Another Martin furnace was installed 
and a steel foundry was built. By 1882, Bofors 
wee erences om See & 06 ot to 15 cm. 
calibre. The mountings were made by another firm, 
under State control, but in 1883, Bofors erected a 
factory for manufacturing complete guns. Arent 
Silfversparre, a man with high technical ability, 
who had worked in the Nordenfelt gun factory in 
England, was engaged as chief gun designer, and 
remained the leading brain and organiser until his 
tragic death in 1902, at the trial of a foreign gun 
which burst under test. Orders were received from 
the Swedish army and navy for a number of 8-cm., 
12-cm. and 16-cm. guns, and 16-cm. howitzers. 
In 1885, the first order came from abroad, from 
Switzerland, previously a customer of Krupp’s. 
Then followed an order from the Nordenfelt Com- 
pany in England, and, in 1887, one from China. By 
this time, too, Bofors were also producing armour 
plate and armour-piercing shells. Valuable orders 
for home and abroad were received, and by 1891, the 
income from the gun factory was more than that of 
the rest of the works ; but the company as a whole 
worked at a loss for many years and was forced 
eataee to dispose of the agricultural and timber 

businesses. Further extensions were soon needed, 
but the company lacked the necessary capital. 

Alfred Nobel came to the rescue ;. in 1893, he 
bought the major interest in Bofors and became 
chairman. His constant aim was technical develop- 
ment and, like Krupp, he sought to supply the most 
suitable powder with each type of gun. He laid 
down a laboratory for research in explosives and 
metallurgy, a gun range for small-scale trials of 
powder and shells, and a factory for making 30-cm. 
guns. Research on armour plate was intensified, 
and two other works were acquired, Nobel providing 
the money. Large orders for guns were received 
from the Swedish army and navy and from abroad, 
many of these in competition with Krupp, Arm- 
strong and le Creusot, though Nobel did not live to 
see the fruits of all his labours. He died suddenly 
in December, 1896, of heart failure, but it was due 
to him that, by 1898, the whole of Sweden’s gun 
industry was concentrated in Bofors. 

There was, of course, continual competition from 
Krupp, in guns and in armour for ships, though in 
field artillery the tables were turned. Bofors en- 
gaged also in civilian production, particularly rolled 
sections and plates, and steel castings, but the chief 
income was derived from war materials. In 1905, 
the first batch of 36 field guns was delivered to the 
Swedish Government. were established in 
England, the United States, and other countries, 
and licences were granted for the manufacture of 
some types of . Armour also was produced, 
and, by 1913, Bofors was able to supply the Swedish 
navy with 28-cm. guns, mountings and turrets as 
complete units, and to test the guns on their own 
range. Thus they had concentrated, in one plant, 
steel production, the manufacture of guns and 
ammunition, and a testing range, and, in conse- 





quence, were in a strong position among European 
armament firms. 
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The outbreak of the first werld war reselleedl in 


enormous activity at Bofers. More new plait was 


Jaid dowm, and, by August, 1915, the order book 


stood at 15 million kr., which had increased by 


May, 1086, to.a peak of 23 million kr. In August, 

1916, aeommission from #he British Navy arrived 
to negotiate a licence for dhe manufacture «f certain 
Bofors products; but nething came of it, because, it 
is stated, Britain was unable to meet the ‘guarantee 
.on coal deliveries from England, requested by Bofors. 
Civilian production was on a considerable scale 
during the later war years and, in 1908, the firm 
decided to extend this by the manufacture of 
tractors, motor ploughs, oil engines, etc. An 
interest was acquired in a peat undertaking, in order 
to reduce fuel eosts,.as coal at that time cost 12/. a 
ton. In 1919, when work on war material was 
almost at an end, the plant had te depend entirely 
.on civilian products. Then followed the depression. 
In 1920, the-output.of steel fell from 793,000 tons to 
363,000 tons. The production of war material was 
at a standstill; nor could the firm count on any 
assistance from the State. 

A significant development occurred shortly after 
the war. Krupp’s had a number of orders for war 
material from Holland and Denmark which had 
remained unfulfilled during the war and which they 
were forbidden to manufacture when it was over. An 
arrangement was made, with the agreement of the 
Governments of Helland, Denmark and Sweden, 
which brought in an order worth 12 million kr. and, 
more important still, gave Bofors the fruits of 
Krupp’s war-time experience, as well as their 
metallurgical processes. For this, Bofors paid 
Krupp 1-5 million kr. and, to finance the transaction, 
raised the share capital from 13-5 to 18 million kr. 
Krupp bought the whole of the new issue, through a 
new company which had te be formed because 
Swedish law did not allow foreigners to hold shares 
in Swedish undertakings. In 1921, another contract 
was entered inte with Krupp whereby Bofors had 
the right to use Krupp’s patents and designs for 
20 years, and Krupp to use Bofors’s patents and 
designs for German needs only. This, it is em- 
phasised, did not mean that Bofors was controlled 
by Krupp, neither was there any secrecy about the 
deal; the defence ministries in Sweden and else- 
where were fully informed of the contract, the 
practical benefit of which proved, in fact, to be a 
rapidly diminishing quantity. 

Some difficult years followed, but Bofors con- 
tinued to keep abreast with new developments in 
war materials. It became necessary to design 
anti-aircraft and anti-tank guns, guns for i 
with pillboxes,-etc.; problems which the design 
staff tackled with vigour. This was the only depart- 
ment which was not “ axed ” during the depression. 
The situation began to improve in 1925 and, by 
1932, war materials were being delivered to Sweden, 
Holland, Turkey, Finland, Chile, and China, as well 
as civilian products to England, Russia, France, etc. 
Though the firm were again making a profit, dis- 
armament policies and the world economic crisis 
made the position difficult. The Social-Democratic 
papers attacked Bofors for their production of war 
materials and went so far as to urge that the plant 
should be closed down and the workmen pensioned 
off. Rumours were spread abroad that Bofors was 
controlled by Krupp’s, and the Social-Democratic 
Party, having gained power in the 1932 elections, 
decided to appoint a commission aiming at placing 
the whole armaments industry under State control. 

Financial and political troubles, however, never 
interfered with progress in design and research, 
and this was soon to stand them in good stead. 
For some time, they had been experimenting with 
transportable anti-aircraft guns, in which work they 
were assisted by State grants, facilities for field 
trials, dagih, to. team <i tenvlen, Gem tee tena 
practice. The firm were aware of the secret arma- 
ment production which was in full swing in Ger- 
many, but a strong agitation for disarmament was 
still going on in Sweden. At the end of 1932, orders 
in hand only covered six month’s production. In 
1933, the Left newspapers again started a violent 
agitation against Bofors; but the report of the 
Armament Commission came out in March, 1934, 
declaring that Bofors was of the utmost importance 
for Sweden’s preparedness and could continue to be 


effective onl given a free hand. The Army, 
Soon, i terme “al tae ‘tee Cindi 
Defence were invited to give their views on the 
report, and all spoke in favour of retaining Bofors 
as a private enterprise. In January, 1935, the 
matter was put before the Riksdag, with the result 
that the ‘question of State ly was shelved 
indefinitely, and the threat to the firm’s continued 


existence as an independent undertaking was 


removed. In June, 1933, by the intervention of the 
Swedish Government, Krupp’s were forced to part 
wit& their Bofors shares at the then market value, 
ameunting to 10 million kr.—a sum which the 
directors raised in a week—and the firm were free 
tego ahead with the expansion which was recognised 
te be 

Experiments had continued with the 40-mm. anti- 
aircraft gun, the eventual Bofors masterpiece, and 
the gun had almost attained perfection. It was 
tested in Belgium in May, 1935, and created a 
sensation in the’ military world. Foreign commis- 
sions from all over the world hurried to Bofors ; 
at one time, no less than 30 different countries had 
representatives staying there. By the end of 
1935, the orders in hand amounted to 70 million kr., 
and a year later, after the German occupation of 
the Rhineland, to 100 million kr. In spite of con- 
siderable extensions to the works, it was found that 
the plant could not cope with the volume of orders, 
sO errangements were made to sub-contract com- 
ponents, the major items and the final assembly 
and testing being done at Bofors. At one time, 35 
firms were thus engaged. Licences were granted in 
1935 to manufacture the gun in Poland, Hungary 
and Austria; in 1936, to Belgium and, in 1937, to 

, France, and Finland ; but not to Germany. 

With the evident approach of war, foreign com- 
missions continued to arrive. Formerly, these 
visitors were military, but now there came ministers, 
field marshals, and even princes. In December, 
1936, a large British commission arrived, mainly to 
negotiate about the 40-mm. gun. Bofors refused 
to accept a trial order, but, after further negotiations, 
Britain placed an order for 100 of these guns in 
March, 1937. In June, 1937, a British control 
commission came to Bofors and largg orders soon 
followed ; not only from England, but from many 
other countries, and from Sweden, which also 
placed a large order for portable 15-cm. coast- 
defence guns. Yet another rush of orders followed 
the Nazi occupation of Austria in 1938, and, by the 
end of that year, orders in hand stood at 238 million 
kr., with Britain as the chief buyer. In 1938, the 
British Government ordered 1,000 anti-aircraft 
guns and a million shells; and, in April, 1939, the 
orders in hand were valued at 252 million kr. 

It was known then that Germany was ready to 
strike, but the impression in Sweden was that the 
opposing Powers would try to gain time and that a 
year or even two would elapse before open hostilities 
broke out. The spring and summer of 1939 was a 
hectic period in the Bofors plant, with every cus- 
tomer—and especially Britain—urging quick de- 
liveries. Work and experiments were still 
ceeding in numerous directions—the design staff, 
which numbered 92\in 1933, had risen to more than 
300 in 1939—and guns of all kinds were in hand for 
field, fortress and naval purposes; but, with the 
outbreak of war, the whole establishment was 
placed at the disposal of the Government, in whose 
hands, there is no doubt, it played a vital part in 
maintaining the neutrality of Sweden. 

There is much more in this handsomely produced 
volume than has been even hinted at in this fairly 
extensive review, and by no means all of it is 
militaristic in substance or background. It is to 
be hoped that, in due course, the firm will produce 
an edition in English, for, altogether apart from any 
consideration of advertising, it is a notable addition 
to the literature of engineering industry. 





REcCORD OvTPUT OF IRONFOUNDRIES.—The production 
of iron castings in the second quarter of the present 
year amounted to 714,787 tons, which is equivalent to an 
annual rate of production of 2-86 million tons. This, 
according to the Council of Ironfoundry Associations, is 
the highest output ever recorded officially and it is 
emphasised that it has been achieved in spite of shortages 
of skilled labour and essential materials including foundry 





pig and cupola coke. 


Pro-! not to increase. During the 


INDUSTRIAL PROBLEMS IN 

CZECHOSLOVAKIA AND 

ITALY. 

(Concluded from page 150.) 
Conprrions in Italy are in complete Gdntrast to 
those in Czechoslovakia, because the war had a 
very different effect there, and so the problems 
which have to be solved also differ. Whereas in 
Czechoslovakia there is State and direction 
of labour, the dominating factor in Italy is a general 
laisser faire. There is an abundance of both labour 
and plant, but to-day Italy is the only Continental 
country, with the probable exceptions of Germany 
and Austria, where unemployment of skilled and 
unskilled labour is on a large scale. The bottle- 
necks of production are transport, fuel, raw materials 
and working capital. Transport in Italy is more 
critical than in any other country, including those 
which suffered under German occupation. The stock 
of locomotives is reduced to a fraction of the pre-war 
total, and in many cases rails were taken up and 
bridges destroyed by the Germans as they retreated. 
On many sections of the main lines there is only a 

i track and unserviceable bridges have been 
replaced by temporary structures. 
Italian industrialists were not so optimistic as Mus- 
solini that the war would be won by Italy, and there- 
fore co-operation was not always so complete as the 
authorities wished. In some cases, there was strong 
passive resistance which, later, developed into open 
fighting ; for example, at the Fiat works. Largely 
because of this attitude, Italian firms continued 
research and development for general production 
during the course of the war to a considerably 
greater extent than was possible in other countries ; 
as @ result, the design of many engineering products 
in Italy is more advanced than similar products 
elsewhere. 

Individual firms have to solve their problems in 
their own way and are allowed much freedom in 
doing so. Exports are given high priority, and a 
manufacturer who sells his goods abroad is allowed 
to dispose freely of 50 per cent. of the foreign 
currency which is received for them, in purchasing 
raw materials. In trading with some countries, 
where there is only a system of barter, the Italian 
merchant has not only to sell his goods but must 
also import and dispose of the goods bartered for. 
This possibility of keeping a part of the foreign 
currency, or of bartering manufactured goods for 
raw materials (for example, cars are sent to Poland 
in exchange for coal), is welcomed at present by 
Italian manufacturers because of inflation and a 
steady rise in production costs, though some manu- 
facturers think that 50 per cent. of the foreign 
currency obtained is not e to balance the 
steady rise of production costs and that 80 per cent. 
would be a more reasonable figure. 

Italian technicians are very ingenious in solving 
the many difficult problems facing them, and must 
be so if unemployment, hap ghana. Be is 
past winter, some 
factories shut down for long periods because of 
fuel shortage, but it is hoped that this will not 
occur again in the coming winter. Individual 
factories are not relying on an improvement in the 
public electricity supply, bat are installing Diese? 
generating sets to carry the load when the public 
supply fails. All the large firms have their own 
schemes to ensure the power supply for next winter. 
This is one reason why Fiat, for instance, prefers to 
barter products for coal and wheat from Poland. 
rather than to sell them to the sterling countries, 
whence they are unable to obtain raw materials in. 
teturn. 

The railways are working hard to solve their trans 
port problems, but the fuel supply position is: 
difficult and they are undertaking and encouraging 
extensive research on the use of alternative fuels 
for traction purposes. The tendency is to electrify 
the whole railway network and few, if any, steam 
locomotives are being ordered by the Italian rail- 
ways at present. Electric traction will be exclu- 
sively used for heavy trains and Diesel oil or natural 
gas will be used for railcars ; in fact, rdilears havé — 
been designed which can run either on oil or’ on 





natural gas, and some units have been equipped t@ 
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run on producer gas. Natural gas is an important 
fuel in the industrial northern part of Italy, where 
it is used for municipal supplies and for cars, 
lorries and railcars; and considerable American 
capital is being invested to increase the output to 
satisfy the demands of the large towns. It is 
hoped that this will contribute materially to ease 
the fuel position next winter. Many Italians asked 
during the past winter why Britain did not recruit 
Italian or other foreign labour into the British 
mines. They were convinced that, if Britain had 
done so, sufficient coal would have been available 
to meet the British home demand and to leave a 
surplus for export. 

A great handicap in returning to normal is the 
lack of working capital and the instability of the 
currency. Inflation is an acute threat and indus- 
trialists are using the foreign currency left at their 

i to balance soaring production costs. 
Strong efforts are being made to attract foreign 
investors into the country and American capital is 
taking increasing advantage of the possibilities 
which are likely to return good dividends, because, 
in Italy, contracts can generally be carried out 
more quickly than elsewhere as there is no labour 
shortage. In many cases, this offsets the disadvan- 
tage of higher prices and Italians hope, therefore, 
that they will succeed in attracting British capital 
for investment in Italian enterprises: 

There is a great surplus of Allied, Italian and 
German material and equipment in Italy. According 
to an international agreement, the Italian Govern- 
ment are in charge of the disposal of this material 
and they have developed an organisation for the 
purpose which presents various features of interest, 
and to which it would be difficult to find a parallel in 
other countries. It is known as A.R.A.R. (Azienda 
Rilievo Alienazione Residuati) and operates in the 
following manner. 

A.R.A.R. is a commercial undertaking designed 
to secure for the Treasury the maximum revenue 
obtainable by the sale of surplus stores. No 
preferential distribution is allowed; neither is it 
practicable to establish any priorities in disposing 
of the goods, because no statistics of production or 
consumption are available on which such a plan 
might be based, and no information can be obtained 
from the Allied authorities of the kind and amount 
of the stores or dates of delivery. Ifthe Government 
want certain stores to reach particular sections of 
the community, they can subsidise the purchases ; 
but A.R.A.R. alone cannot do this. It is recognised 
that, by promoting sales, A.R.A.R. can keep down 
the general level of prices; but that, if the sales 
are made at prices much below market values, 
the public are unlikely to benefit, because the differ- 
ence would merely benefit the speculator. 

In general, however, quick sales are desired 
because it is to the public benefit that the surplus 
goods should go into circulation and use as soon as 
possible to offset the dearth of consumer goods ; 
but, on the other hand, if the market is flooded, 
there would be sérious competition with established 
industries, and consequently increased unem- 
ployment. There is also the consideration that to 
retain the goods in the dumps encourages theft and 
leads to deterioration of the goods; guarding the 
depots is difficult because the forces available are 
insufficient to cope with the depredations of well- 
organised pilferers. There has been trouble, too, 
due to the peculation of officials and of the guards | ‘ 
who are supposed to prevent it. 

At first, the ruling was that everything was to be 
sold by public tender, and in small lots to promote 
the widest possible distribution and to make it 
easy for persons of small means to buy. This 
proved unsatisfactory, however, by reason of the 
staffs and time involved ; moreover, the tendency is 
for prices to fall, and the public were reluctant to 
comply with the formalities. A system of sealed 
tenders was adopted, therefore, the right being 
reserved to make contracts outside the tenders if 
better prices were obtainable. It was found neces- 
sary to sell some goods in large lots, and by private 
auction or treaty, although this was undesirable 
because too much responsibility was placed on 
individual officials. Safeguards were introduced, 
however, such as limitations of competition, the 
appointment of technical co-ordinating committees, 





and the reservation to the head office of the right to 
approve major contracts. 

The method now employed is to sell by public 
Seats Dated 6p wine, haa-bes he Land. by 
private treaty. This price having been agreed, & 
deposit is paid, but the sale is vote to a suspension 
clause which prevents it from being completed at 
the agreed price if, within a stipulated time, any 
other offer is received which exceeds the agreed 
figure by more than a certain percentage. The 
goods are then offered for public tender, notice being 
given of the conditional sale and of the fact that 
only tenders which are higher by the stated per- 
centage will be considered. If such offers are re- 
ceived, the sale is made to the highest bidder, the 
private treaty being declared void and the deposit 
refunded, plus a bonus based on his initial tender. 
This bonus is intended as compensation for the use 
of the deposit money, and for the time, etc., ex- 
pended by the initial tenderer without the advantage 
of acquiring the goods. Already’a large quantity 
of material has been sold, but the amounts available 
are such that the disposal of the surplus stores will 
occupy @ considerable time. The present method 
of the A.R.A.R. organisation, a product of experi- 
ence and convenience, should enable it to pay its 
way, which is a prime consideration. 





CHEMICAL PERSONALITIES A 
CENTURY AGO.* 
By Prorzsson Joun Reap, Sc.D., F.R.S. 
(Concluded from page 164.) 

Tuomas GranaM, the first President of the Chemical 
Society, had himself undergone considerable hardships 
in his student days, owing to a disagreement with his 
father, a Glasgow merchant, who wished him to enter 
the Church. Graham came under the influence of 
Thomas Thomson at Glasgow, and of Hope at Edin- 
burgh. From the Andersonian Institution at Glasgow 
he migrated to London in 1837, to succeed Edward 
Turner in what is now University College. Graham's 
ideas were marked by their originality and freshness, 
and his methods wy their simplicity. Most of the 
chemists of the old school in the ‘forties busied them- 
selves with mineral analysis. The enterprising men 
of the new school turned to organic chemistry. Graham 
became a great pioneer of physical chemistry, with a 


vision stre far in advance of his time. He is 
one of the few British chemists to be honoured with a 
public memorial: a bronze ‘ee was erected to his 


memory at Glasgow in 1872. rtrait, hanging 
above the presidential chair of as e Che mical Society, 
suggests that the chemists of his day did not disdain 
a cheerful note of colour in their attire. 

Graham’s predecessor in the London chair had been 
Edward Turner, the first professor of chemistry in the 
University of London, whose death at the age of 39 
came as a severe blow to British chemistry. Turner 
_ born in Jamaica; he studied medicine at Edin- 

h and chemistry, under Stromeyer, at Gdttingen. 
} ed in quantitative work, he was the first British 
chemist to make accurate determinations of atomic 
weights ; moreover, he wrote an excellent text-book. 
His Elemente of Chemistry ran through eight editions, 
the later of which were edited by Liebig and Gregory. 
Liebig’s o' treatment of organic chemistry in this 
book was ribed as “ the first tolerably complete 
account of organic chemistry in the English language.” 
A copiously annotated copy of the seventh edition 
(1842) shows that this uk formed the basis of 
Connell’s lectures on chemistry at St. Andrews, soon 
after this chair, founded in 1808, was first filled by 
Connell’s election to it in 1840. In this edition, 

‘ benzole ” or “‘ benzine ” is described as a liquid which 
“in the state of vapour appears to contain 3 vol. 
hy m and 3 vol carbon vapour. Its formula 
is C,H. But it is probable that the formula C,,H, 

its atomic 

In 1849, Graham met in Paris a young chemist of 
25 called Williamson, whom he advised to —: for 
the vacant chair of analytical and practical chemist: ad 


in the University of London ; 

and Williamson held the appointment until 
1887. In his first session he produced the first paper 
dealing with _~ classical work on ethers. He had 
entered Liebig’s laboratory in 1844, and he infused 
a great deal o of the Giessen spirit into British chemistry. 
His frequent informal talks in the London manemnery 
with men like Kekule, Odling and Brodie were 
latly fruitful. Born in London, of Scottish parents, | ® 
Willi like Graham, was handicapped by an 


* Lecture delivered in London on July 16, 1947, in 
connection with the centenary celebrations of the 
Chemical Society. Abridged. 











father, to whom, in the words of Carey 
Foster, chemistry meant only “ bright lights shining 
through corpulent blue and yellow bottles. 

Apart from the foundation of the Chemical Society, 
the most significant chemical development in Britain 
during the ‘forties was the o Bh: samen of the Royal 
College of Chemistry in Lo Here again we 
discern the paramount influence of Liebig, whose work 
and views on the chemistry of agriculture had attracted 
much attention in England. In 1842, largely under the 
guidance of Lyon Playfair, who had worked at Giessen, 
“ the illustrious Baron Liebig made a sort of triumphal 
tour in this country.” As a consequence, the Royal 
College of Chemistry was founded three years later, 
with one of Liebig’s most brilliant pupils, A. W. 
Hofmann, as its director. The Prince Consort, who 
was deeply interested in this and other scientific 
projects, laid the foundation stone of the modest 

uilding. The Royal College of Chemistry was com- 
pleted in 1846, with a frontage on Oxford-street of 
only 34 ft., and a depth of 53 ft. 

Here, in less than 20 years, Hofmann and his numer- 
ous pupils were most successful in developing a school 
of research on the Giessen model. The influence of 
their work and personalities on British chemistry in 
the second half of the Nineteenth Century was profound. 
Unfortunately, the temporary popularity of agricultural 
chemistry and the financial support accorded to the 
College dwindled simultaneously when it was realised — 
to quote a phrase of Playfair’s—that “‘ Liebig’s book 
was not a muck manual,” and further that Hofmann’s 
work on coal-tar derivatives and amines brought no 
salvation to agriculture. Eventually, the College was 
absorbed into the School of Mines, and Hofmann left 


H. E. Armstrong ranked Hofmann as second only to 
Liebig among the chemists of the Victorian era. He 
was not only a t investigator and teacher; he was 
also a technical chemist whose enterprise and vision 
worked such wonders in the German chemical industry. 
‘** What a difference it would have made to the German 
chemical industry,”’ exclaimed Caro in after years, “ if 
Hofmann had stayed in England!” Yet Hofmann 
left England against Liebig’s advice. “ England is so 
extremely lacking in true men of science,” wrote 
Liebig to him, “that a man of your calibre is a real 
blessing in the country ; in no other country can you 
hope to do more, nor to exert a greater influence.” 
Had Hofmann followed his master’s advice, he would 
have become the Handel of British chemistry. 

Turning now to Scotland, we recall that Liebig had 
commended Gregory in his letter to Berzelius. William 
Gregory was the last of the renowned series of 14 

‘academic Gregories,” who, within the space of two 

centuries, occupied professorial chairs, mainly in 
Scotland. Through three professors of medicine, William 
Gregory traced his ancestry back to James Gregory, 
first professor of mathematics at St. Andrews (1669) 
and inventor of the Gregorian reflecting telescope. 
William Gregory became a pupil and firm friend of 
Liebig, and was known as an author and an authority 
on organic chemistry rather than as an investigator. 
In 1839, Gregory was elected to the chair of medicine at 
King’s College, Aberdeen, and in 1844 he succeeded 
Hope as prefessor of chemistry in the University of 
Edinburgh. 
At Aberdeen, Gregory’s colleague, in the chair of 
chemistry in the Marischal College, was Thomas Clark, 
the inventor at this time of # water-softening process, 
of whom Graham said: ‘Clark narrowly escaped 
being a great man.” Clark had as an assistant a young 
man named John Smith, son of the blacksmith of 
Peterculter : 
of chemistry in the University of Sydney, and in 
Australia, and for the next 30 years he was an out- 
standing teacher and public in New South 
Wales. 

Another Scottish chemist of this period, Thomas 
Anderson, took his M.D. at Edinburgh and worked 
with Berzelius and Liebig. From 1852 to 1874, he was 
Regius Professor of ene wd in the University = 
Glasgow, in succession to Thomas Thomson, who h 
héld the chair since 1817. dakaneetieeatapeiilies 
in coal tar and bone oil, worked on opium and anthra- 
cene, and published a book on agricultural chemistry. 

In 1833 there matriculated at St. Andrews, where his 
gtandfather had been principal of the United College, 
a lad of 15 named Lyon Playfair. At the Andersonian 
Institute, Geer, with James Young and David 

the future explorer, he became a pupil of 
Graham. In 1839, at Graham’s suggestion, air 
went to Giessen to work under Liebig, whom he 
described as “ the founder of organic chemistry,”  “‘ I 
was much struck by his handsome appearance and 
classically cut face,” wrote Playfair. Liebig gave him 

@ trial organic the result was correct “ to 
the first decimal ‘iese,” and Playfair became 4 
favourite pupil in “the best laboratory in Europe,” 
as he described it. After graduating at Giessen, Play- 
so. entered industrial chemistry for a time ; but soon 

he began to cultivate much wider interests. He 








in 1852, Smith became the first professor - 
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became @ member of various important commissions, 
a leading promoter of the 1851-Exhibition, a friend of 
Sir Robert Peel and the Prince Consort, and one of the 
influential men of his day. For a decade, from 1858, 
he occupied the chair of chemistry at Edinburgh in 
succession to Gregory. Thereafter he entered upon a 
political career, and in 1892 through his elevation to the 
peerage a8 Baron Playfair, of St. Andrews, he showed 
that a chemist need not regard a knighthood as the 
limit of his ambition in this direction. Playfair pre- 
ceded Brodie, Hofmann and Williamson as President of 
the Chemical Society (1857-1859). 

In his memoirs, Playfair mentions that James Young, 
his fellow-student under Graham, was a “ raw youth ” 
and “a carpenter by trade.” Young achieved fame 
and wealth as the founder of the paraffin-oil industry, 
and in later life he amassed the fine collection of books 
dealing with alchemy and early chemistry which 
formed the basis of John Ferguson’s classical work, 
Bibliotheca Chemica. In 1847, Playfair ested to 
Young that he might manufacture useful oils from a 
spring of natural petroleum at Alfreton, in Derbyshire. 
Playfair knew of this spring because he and Bunsen 
had carried out a research from blast-furnace gases at 
Alfreton in 1844, upon which occasion Playfair met 
the young lady whom he married two years later, and 
whose father owned the spri Young always 
ascribed his success to Playfair’s suggestion. He 
made two candles from crystalline paraffin from this 
petroleum, and kept them “ as a memorial of the 
origin of one of the largest of the chemical industries 
of modern times.” It was in 1850 that Young took 
out his key patent for the distillation of oil from coal 
and other bituminous materials. His experiments led 
to the manufacture on a large scale of paraffin burning 
oil and solid paraffin for candles from the Boghead 
coal and bituminous shale of West Lothian and Mid- 
lothian, in Scotland. 

Young was one of the most enterprising and energetic 
of a number of founders of chemical industry in Great 
Britain a century ago. It is impracticable to do more 
than mention the names of such industrial pioneers as 
Gamble, Gossage, Shanks, Spence, Allhusen, and 
Deacon. In any such list, a prominent place is taken 
by James Muspratt. Born in Dublin in 1793, Muspratt 
lived until 1886. He has been called the father of the 
British alkali trade; moreover, in conjunction with 
Charles Tennant, he produced sulphuric acid on a large 
scale. He became friendly with Liebig, and sent three 
of his sons to Giessen. His eldest son, James Sheridan 
Muspratt, had also worked with Graham at Glasgow ; 
later, with Hofmann at the Royal College of Chemistry, 
Sheridan Muspratt discovered p-toluidine and m- 
nitraniline. He is known also as the author of a 
celebrated dictionary of applied chemistry, and in 1848 
he founded the Liverpool College of Chemistry. 

The Muspratt’s had an Irish connection, and it may 
be remarked that the Royal College of Chemistry 
develo many links with Irish chemistry. Several 
of Hofmann’s best pupils promoted the advancement 
of chemistry in Ireland, among them John Blyth, 
Edward Rolands, Thomas Rowney, and Robert 
Galloway. The outstanding Irish chemist of a century 
ago was Sir Robert Kane, the son of manufacturing 
chemist in Dublin. He was knighted in 1846, and in 
1880 became vice-chancellor of the Royal University 
of Ireland. A man of a strong practical turn of mind, 
Kane was keenly interested in Irish life and industries. 
In chemistry, he is best known as the discoverer of the 
first artificial e from an aliphatic to an aromatic 
compound, which he achieved in 1832 by preparing 
mesitylene from acetone. He worked for a time with 
Liebig at Giessen. 

We may now take a final glance across the Atlantic. 
In the United States there was a remarkably strong 
interest in chemistry throughout the first half of the 
Nineteenth Century. This is evident from the repeated 
issue in America not only of indigenous texts but also 
of edition after edition of such standard English works 
as Brande’s Manual and Turner’s Elements ; moreover, 
it is said that Mrs. Jane Marcet’s less formal treatment, 
Conversations on Chemistry, ran through some 16 
American editions, totalling more than 160,000 copies, 
in the first half of the century. 

The two elder statesmen of American chemistry in 
the "forties were Benjamin Silliman, the elder, and 
Robert Hare. Silliman graduated from Yale in 1796, 
and both Silliman and Hare studied under James 
Woodhouse in the University of Pennsylvania. Both 
travelled abroad and cultivated friendships with 
European chemists. Silliman founded the department 
of chemistry at Yale University, in which he continued 
to deliver his brilliant lectures until 1853. In 1818, he 
started the celebrated Silliman’s Journal or American 
Journal of Science. Hare became professor of chemistry 
in the medical school of the university of Pennsylvania. 
Both Silliman and Hare exercised a profound influence 
upon the development of American chemistry, and 
= text-books were used for decades. 

ere were many young chemists of promise in the 
United States of the forties. Eben Horsford began a 





course of study at Giessen in 1844. Later, as Rumford 
Professor at Harvard, he prepared a plan which led 
to the establishment in that University of the Lawrence 
Scientific School, one of the first to provide systematic 
teaching in analytical chemistry, where Horsford’s 
work was extended by Wolcott Gibbs, one of Hare’s 
assistants who had also gained European experience. 

Among the coming American chemists who were od 
schoolboys in the forties it may be mentioned that bot. 
Crafts and Willard Gibbs obtained European experience 
as students. However, the productive years of these 
eminent chemists, and of such European masters as 
Frankland Berthelot, Perkin senior, Kekule, Mendeleeff 
and Baeyer belong to a somewhat later period. 

In this quick glance at a bygone chemical age, of 
necessity both brief and selective, I have spoken of 
chemists rather than of chemistry, of personalities 
rather than of problems ; because I think that chemists 
are apt to dwell upon the spectacular progress of their 
science without giving proper heed to the wonderful 
achievements of their chemical forebears upon which 
their own labours are so fully dependent. In the words 
of that past-master of our science, Emil Fischer: 
“‘ Science is not an abstraction; but as a product of 
human endeavour it is inseparably bound up in its 
development with the personalities and fortunes of 
those who dedicate themselves to it.” 





NOTES FROM SOUTH AMERICA, 


Just after the war, Latin America was rightly 
looked upon as one of the most promising sellers’ 
markets in the world. The recent abrupt change to a 
buyers’ market is due to the sharp fall in accumulated 
foreign currency reserves because of the recent heavy 
imports from the United States and the emergence of 
adverse trade balances with that country. As a 
result, practically all the Latin-American countries, 
during the past few weeks, have adopted stringent 
restrictions upon imports. Generally speaking, how- 
ever, these restrictions relate to semi-essential or 
lu: articles, whereas priority in exchange cover is 
still given to essential capital goods, especially engineer- 
ing equipment, machinery and transport items, although 
the latter are temporarily held up in the case of the 
Argentine market. The new restrictions are likely 
to endure in varying degree unless and until the 
international shortage of dollars is assuaged, although, 
taking the long-term view, Latin America’s crying need 
is still for machinery of all kinds, and equipment for 
new public works and transport. Nevertheless, the 
recent drain upon South America’s dollar balances 
has caused alarm in official Washington quarters, and 
it is not surprising that a United States Economic 
Mission is visiting South America to investigate the 
present position and future prospects for economic 
co-operation. There is even some talk of a “‘ Marshall 
Plan” for South America. 

It was partly because of big purchases of capital 
goods in the United States for the ambitious National 
Five-Year Plan in Argentina that import restrictions 
have been adopted there, and partly use of large 
arrivals of North American surplus stocks of war 
materials, especially lorries and other vehicles. In 
announcing the restrictions, the Central Bank stated 
in proege Fs Argentina had already imported this 
year 70,000 motor lorries, omnibuses and chassis and 
200,000 electric motors. The new import régime in 
Argentina is puzzling, inasmuch as the Central Bank 
is issuing almost daily @ flood of circulars ys pm 
the issue of prior its for the importation of a very 
wide range of articles, or transferring items from one 
exchange category to another. Among the transport 
material now debarred are automobiles, motor-lorries., 
and omnibuses and chassis; while payment for shi 
ordered abroad will no longer be allowed at 
cea: official exchange rate of 15-03 pesos per £, 

use, with recent acquisitions for the ‘tine 
Merchant Fleet, the quota of new ee required for 
1947 and 1948 has been filled. fore the war, 
coal represented about one-quarter of the value of all 
British exports to Argentina. Britain’s loss of coal 
—s was recently compensated to some extent by 
of motor-cars, ships and machinery, but, as 
mentioned above, cars are already on the prohibited 
import list and the purchase of ships is no longer 
encouraged. Imports of machinery generally are still 
permitted, with the exception of spinning and weaving 
machinery, although it is stated that the embargo upon 
the latter will be lifted when the authorities can 
ascertain the country’s future requi 

It is officially implied 
Argentina may be only temporary and that, in any 
case, in the process of re-equipment under the Five- 
Year Plan, there should be a halt for stocktaking and 
calculation before the next stage of intensive supply 
begins. Already, the Argentine Chamber of Com- 
merce in Buenos Aires, which is widely representative 
of business interests there, has protested especially 
against the prohibition upon imports of motor- 


ts. 
that the import restrictions in | larly 





vehicles, stating that the 
self-evident. Argentina has 
concessions in the general import restrictions; thus, 
prior import permits, valid until December 31, 1947, 
will be granted for a wide range of agricultural machin- 
ery and implements, including tractors, and the 
preferential official rate of 15-03 pesos per £. will be 
allowed in the payment for them. Applications for 
import snag for underground cables will be con- 
sidered from users who may be unable to obtain the 
type of cable required, or a suitable substitute, from 
local manufacturers. 

With regard to the creation of an Argentine National 
Steel Company as part of the Five-Year Plan, a recent 
official announcement in Buenos Aires contradicted 
New York reports by asserting that no order has yet 
been placed with any contractor for building the 
or supplying machinery or materials, and that the 
Government has incurred no obligations of any kind 
regarding the future egg of the new company’s 
products. Pursuing its policy of reciprocal trade, 
Argentina has signed an agreement with Czechoslovakia 
for the exchange of Argentine wheat for at least 
15,000 tons of rails, tubes, iron and steel annually for 
five years from 1947 to 1951. Similarly, wheat and 
meat are to be exchanged for Italian tractors up to the 
value of about 500,0001. c= adhe less favourable 
exchange rate for the pure of ships, recent 
Argentine orders placed abroad include four motor 
vessels costing 2,700,000 U.S. dols. from the Ingalls 


t need for them was 


announced certain 


Ship ration, of Alabama; six motor 
vessels of about 3,000 tons, three from Halifax Ship- 
yards, Limited, Canada, and the ining three from 
Cantieri Riuniti dell’ Adriatico, of Trieste and 
Monfalcone, pee new whale- vessel of 
32,000 tons dis ment, costing approximately 
40,000,000 pesos and claimed to be the est and 


most modern ship of its kind, has been ordered in the 
United Kingdom. 

Significantly, recent Argentine regulations giving 
certain guarantees to foreign capital there were, ac- 
companied by an official assurance that the country’s 
future economic development would still require the 
help of engineering and other technical assistance 
from abroad in combination with foreign capital, 
machinery and equipment. Similarly, the Brazilian 
Government have explained that the new import 
restrictions do not constitute prohibition of imports, 
but a method of priority for essential goods. The list 
of “‘ first category” goods, which obtain priority for 
exchange cover and do not require a permit, includes 
agricultural, mining and industrial machinery and 
equipment, electrical equipment for industry, practically 
all transport material, both rail and road, and road- 
making machinery. The priority given to railway 
equipment is not surprising in view of Brazil’s needs, 
a comprehensive plan for the rebuilding of Brazilian 
railways, at a total cost of around 90,000,0001., being 
now before the Brazilian Congress. Possibly coupled 
therewith, the “‘ Marshall Plan” for South America, 
already mentioned, is understood to include a large 
dollar loan to Brazil for the purchase of railway and 
port equipment; and the Export-Import Bank of 
Washington has already granted loans totalling over 
8,000,000 U.S. dols. to finance the purchase of loco- 
motives and equipment for the Sorocabana Railway, 
which is owned by the State of Sao Paulo. 

The President of Brazil has sent to Congress a project 
for the construction of a tunnel under the Bay between 
Rio de Janeiro and the city of Nictheroy, capital of the 
State of Rio de Janeiro; plans for this project have 
been discussed for many years. The Sao Paulo State 
Secretary of Transport and Public Works has just 
returned from a visit to North America, during which 
he discussed the possibilities of obtaining United States 
credits to the State of Sio Paulo for Pa works, 
particularly roads and airports, including the modernisa- 
tion of the Congonhas airport, which serves the city of 


S&o Paulo. It is announced that Armco Industrial e 
Comercial S.A. (an affiliate of the American Rolling 
Mill Com ) will complete this year the construction 


of their Rio de Janeiro works, for the uction of 
welded steel tubes, penstocks, etc., for ydro-electric 
power plants. The same firm plan to e: their 
factory in Séo Paulo, and to erect a similar plant at 
Porto Alegre to meet railway-construction require- 
ments in the southern States. The Brazilian National 
Motor Factory has now published a prospectus which 
gives details of the plans for the reorganisation of that 
establishment as a ag tne — with a 
ment participati princi pepo e 
factory is to pt oa and vehicles—particu- 
tractors. The capital will be 400 million 
cruzeiros (5,000,000U.). ; 
Under recent agreements with Britain, a substantial 
of Uruguay’s blocked sterling is being set aside 
‘or the possible purchase of British transport under- 
takings in Uruguay. Argentine Government engineers 
nt . Tenntaninataeee nth 
reliminary inspections and surveys ion wii 
the joint scheme for developing hydro-electric pdwer 
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from the River Uruguay, embarked upon by the 
Governments of Argentina and Uruguay under an 
agreement signed in Montevideo on December 30, 
1946 


Restrictions on the use of electricity and gas in 
Chile are being strictly enforced, and the Government 
have decided to ration coal and curtail the railway 
services because of lack of fuel. From 1937 to 1946, 
the annual production of coal in Chile averaged 
2,060,000 tons; consumption is estimated at present 
at 2,400,000 tons yearly. Work has commenced on a 
steam electric-power plant at Laguna Verde, near 
Valparaiso, to have a capacity of 40,000 h.p., and cost 
115 million pesos; it will take two years to build. 
Drilling continues actively at the new oilfields at 
Springhill, Tierra del Fuego, with satisfactory indica- 
tions of petroleum. The Chilean Minister of Economy 
recently announced that the Corporacién de Fomento 
de la uccién had invited public tenders for the 
construction of an oil refinery at Punta Arenas and 
another at Valparaiso; contractors in the United 
Kingdom, the United States and Holland are under- 
stood to have been consulted. The policy of industriali- 
sation in Chile is leading to an intense demand for 
machinery, and, under the law granting exemption 
from Customs duties upon industrial machinery, 
imports for a total value of 500 million pesos have been 
admitted. The President of the Anaconda Copper 
Company is discussing with the Minister of Finance a 
proposal to invest 125,000,000 U.S. dols. in increasing 
production in the mines at Chuquicamata. 

Colombia is prosperous, with a large demand for 
British machinery, imports of which during March last 
amounted to 25,0001. in value, followed in April with 
60,0001. ; whereas, before the war the average monthly 
figure was about 11,0007. A contract worth about 
3,000,000 pesos has been signed with Frederick Snare 
de Colombia, Ltda. for an extension to the south- 
western seaport of Tumaco. The engineering director 
of the Corporacién Peruano del Santa, in Peru, has 
reported that the Caiion del Pato hydro-electric plant, 
whith is being built in the Andes, is one-third complete ; 
provided that deliveries of equipment from the United 
States are received, it should be completed by the 
summer of 1949. 





MOBILE PIG-CASTING MACHINE. 


THE continuous pig-casting machine for iron, lead, 
aluminium and other non-ferrous metals and alloys 
illustrated on this and the opposite pages, is of the 
mobile type ; it is self-contained and can therefore be 
transported readily from place to place to serve more 
than one furnace in the melting shops, the coupling 
up of a trailing cable only being required. The 
machine is manufactured by Messrs. Sheppard and 
Sons, Limited, Bridgend, Glamorgan, the particular 
example illustrated having been exhibited at the 
Welsh Industries Fair held in London early this year, 
and being shown in conjunction with an oil-fired 
reverberatory tilting furnace made by Messrs. Sklenar 

, Limited, East Moors-road, Cardiff. From the 
general view, looking towards the discharge end of the 
machine, giving in Fig. 2, and from Fig 1, showing the 
pouring launder from the tilting furnace, it will be 
clear that the pig moulds are carried on an inclined 
endless conveyor belt; the belt is kept in motion so 
that the empty moulds pass successively under the 
launder, to be filled and discharged at the upper end 
when the metal has solidified. 

The belt consists of two chains formed of one thick 
link and two thin links arranged alternately, as seen 
in Fig. 5. The links are joined together by turned 
steel shafts passing through both chains. Each end 
of each shaft-carries a machined and flanged roller of 
cast iron furnished with a phosphor-bronze bush and 
a Tecalemit lubricator. Each roller assembly, more- 
over, has a patented spring-loaded device allowing for 
differential expansion effects between the mould and 
the shaft, and therefore eliminating risk of seizure 
between these parts. The rollers travel on hs 
carried on angles forming the upper portion of the 
machine frame. The paths, for the greater part of 
their length, are parallel, as shown in Fig. 3, but 
obviously are not continuous, since the rollers travel 
above the angles for both strands of the conveyor. 
There is, therefore, a gap in the -— at the pouring 
end to permit the crossing over of the rollers, while at 
the other end the upper path and lower path have not 
only a gap for the same purpose, but diverge in order to 
facilitate the discharge of the cooled pigs. This 
arrangement will be evident in Fig. 4, in which the 
vertical distance between the paths is greater than that 
in Fig. 3, which shows the central portion of the 
conveyor. In these two illustrations the upper . 
indicated at a, is for the loaded moulds, while the lower 
patn b is for the returning empty moulds. 

The nwulds.c, in Figs. 3 to 6, are made of a special 
cast iron, but the internal contour is not i 
as shown, being made to suit individual requirements 
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with trade marks or letters cast to suit. The moulds 
have a high degree of internal finish, so that the pigs 
readily detach themselves as the moulds are auto- 
matically inverted on reaching the discharge end of 
the conveyor. The moulds are provided with lugs 
and facings at the sides for attachment to angle brackets 
welded on the sides of the chain links. Asbestos 
insulating pads are inserted between the facings and 
the brackets, The method of attachment will be 
clear from Fig. 4, in which the chain links are indicated 
at d. As shown in Figs. 3 and 5, at e, the moulds 
are formed with a lip on the trailing edge, each lip 
overlapping the next mould in succession and providing 
@ spillway into the following mould should overfilling 
occur. There is also a lip f at one side, shown in Figs. 
5 and 6, the purpose of which is to facilitate the skim- 


Y | ming of the pigs should this be necessary. The two 





lips are actually continuous. It will be noticed, on 








the right of Fig. 6, that the rollers are protected from 
any splashed metal by a curved cast-iron guard. 
This guard extends, as shown in Fig. 2, for the whole 
length of the roller path and is on both sides of the 
conveyor. The deeper and wider guard shown at 
the left of Fig. 6 extends on both sides for a relatively 
short distance in the region of the pouring launder. 
The chains pass at both ends of the conveyor over 
hexagonal drums with a length of side suitable for 
the pitch of the links. The drum shafts are mounted 
in’ bearings on the machine frame at the discharging 
end, which is also the driving end; the driving drums 
are lettered g in Fig. 4. The bearings at the pouring 
end are carried in heavy cast-iron blocks, which, in 
order to effect chain tensioning, are capable of adjust- 
ment by means of screws. The drive to the drums at 
the discharge end is by means of the 2-h.p. motor seen 
on the left of Figs. 1 and 2. Transmission is through a 
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MOBILE PIG-CASTING MACHINE. 


MESSRS. SHEPPARD AND SONS, 
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reduction gear, a Renold chain drive, and two inter- 
mediate shafts with machine-cut gears. The whole of 
the gears are enclosed in oil-tight housings of sheet steel, 
which are — removable. The pouring-end mechan- 
ism is ce? protected by suitable guards. The 
base of the machine frame consists of a pair of deep 
channels, rigidly cross-connected and vided with 
vertical members carrying the roller-path angles. The 
base is mounted on a pair of axles extending right 
through, one axle at each end. Each axle is furnished 
withcarrying wheels which can be either of the plain t 

for sunning om ah ciditary Siuub, or Gsm be angel ter 
running on rails. The machine shown in Figs. 1 and 2 
has the wheels, which are not visible, arranged for longi- 
tudinal movement to or from the feeding furnace, but a 
not uncommon arrangement permits the machine to be 
moved in the transverse direction, so that it may be 
made to serve any one of a number of furnaces disposed 
in a row side by side. Normally, longitudinal move- 
ment is effected by utilising the conveyor-driving motor 
through the first intermediate shaft and dog clutches. 
For transverse traverse a small independent motor is 
used, but, alternatively, hand traverse can be arranged 
for either motion. 

The empty returning moulds are effectively cooled 
by a fan delivering between 2,000 cub. ft. to 2,500 
cub. ft. of air per minute and driven by a 2-h.p. motor. 
This arrangement not only enables a high output to 
be attained, since the machine can be run continuousl 
without excessive geen but also lengthens the li 
of the moulds. The cooling arrangement is not very 
obvious from Figs. 1 and 2. The fan casing, however, 
is visible in the background of Fig. 2, while the two 
discharge trunks from it are seen on the left in Fig. 1. 
These trunks are slotted on the top to direct the air 
upwards on to the return strand of the conveyor. 
The electrical control panel can be seen in Fig. 1 
at the side of the frame. The motors are of the 
squirrel-cage screen-protected type wound to suit the 
client’s power supply. The control panel includes a 
master switch socket and a locking plug for the trailing 
cable ; a remote inching control pe Ieendn earthing 
arrangements are also provided. The speed of the 
conveyor and also its capacity, depends on several 
factors, such as the weight of the individual pigs, the 
cooling rate of the material cast, etc. The speed can be 

to suit requirements by the fitting of appro- 
priate sprockets to the chain drive. The limits of 
— — bn but it will suffice to give some 
extremes only. Thus, with pigs weighing approximatel 
28 Ib. each a speed of prota ri of 76%. hour will 
give a cooling time per pig of 17 minutes and produce 
121 pigs, or 30} cwt. per hour. At the other end of the 
scale, a speed of 456 ft. per hour will give a cooling time 
of 2} minutes per pig and an output of 728 pigs (182 
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dimensions, a typical instance may be cited of a 
machine with a range of output of 123 cwt. to 186 cwt. 
per hour of 26 Ib. pigs having conveyor centres 
at 21 ft. 3 in. The approximate overall length is 
24 ft. 14 in., the overall width across the motor and 
the fan is 8 ft. 9 in., and the overall height at the 
discharge end is 5 ft. 10} in. The total weight is 
5 tons 8 ewt. 2 qr. 

In considering the general layout of the machine 
shown in Figs. 1 and 2, it should be pointed out that the 
particular furnace shown is not an invariable adjunct 
of that machine. It was assembled with the casting 
machine at the exhibition to illustrate a typical 
installation, but since it is, in itself, an interesting and 
up-to-date appliance, it may be referred to briefly. 
The particular furnace, which was exhibited by Messrs. 
Sklenar Furnaces, Limited, has a capacity of 1 ton when 
melting gunmetal. The makers claim that the design 
of the brickwork ensures a true reverberatory flame 
action and that the melting action is so rapid that oxide 
losses, particularly with light alloys, are below normal. 
On the example shown, the metal loss with aluminium 
was stated to be 4 per cent., the gassing negligible and 
inclusion nil. With aluminium, and firing with heavy 
fuel oil, continuous melting can be effected with an oil 
consumption of 0-36 gallon per 100 lb. of metal, 
or a batch can be melted with a consumption of 
0-49 gallon per 1001b. With bronzes and other copper- 
base alloys the average oil consumption is 0-615 gallon 
per 100 lb. of metal. The waste gases from the flue are 
used to preheat the air supply to the oil burner, as well 
as the metal which is being c into the furnace, 
and it is stated that a thermal efficiency of 80 per cent. 
to 90 per cent. can be achieved. It is further stated 
that for processes where the furnace’can be operated 
continuously labour costs for charging are eliminated, 
since the furnace is charged while melting is proceeding ; 
the melting times, given, however, include the time 
required for charging. With a properly-designed 
layout, it is claimed that one operator can easily control 
charging, melting and tapping. 

It will be clear from Fig. 2 that the furnace is carried 
on quadrantal brackets resting on rollers on the base 
at the ends. A quadrantal rack meshing with a worm 
actuated by a large ca ‘type handwheel gives 
precise control of tilting for pouring. The tilting-gear 
can be arranged for either central or lip-axis pouring. 
The ing spout seenin Fig. 1, of course, discharges 
into the rae of the casting machine. The spout 
can be readily used for filling ladles when a pig-casting 
machine is not employed. The combustion controls 
include dampers on the air supply and valves on the 
fuelsupply. As regards the time required for operation, 
it is stated that 1 ton of gunmetal can be melted in 
40 minutes after initial preheating, this time applying 
to each succeeding charge. The approximate overall 
dimensions of the 1-ton furnace illustrated are 11 ft. in 
length, 7 ft. wide, and 7 ft. high. 





SHORTAGE OF OHROMIC AcID.—Chromic acid is in 
short supply and means’ for conserving it are therefore of 
impottance to producers of chromium-plated goods. 
A technical note on the subject has been prepared, 
and copies of this, which is a supplement to Tech- 
nical Memorandum No. 1, entitled, “Conservation of 
Chromic Acid During Periods of Shortage,” may be 
obtained from the secretary, Metal Finishing Committee, 





cwt.) per hour. These outputs, of course, postulate a 
continuous feed from the melting furnace. As regards 





Ministry of Supply, c/o W.R.(D)2, Room 1083, Shell Mex 
House, Strand, London, W.C.2. 


MAGNETIC TESTS OF SPOT 
WELDS IN STAINLESS STEEL. 


A NEW technique to meet the need for a 
convenient method of testing spot welds in austenitic 
stainless-steel sheets, has been devised by the Research 
Department of Messrs. Metropolitan-Vickers Electrical 
Com: , Limited, Trafford Park, Manchester, 17. 
Hitherto, the methods used have included tests to 
destruction on so-called representative samples, and the 
X-ray examination of routine welds. A weld was 
considered satisfactory when tested by the first method 
if its slug was pulled out of one of the sheets, leaving @ 
hole, and was regarded as unsatisfactory if it broke at 
the welded “interface. The second, or radiographic, 
method, consisted of» photographing the actual routine 
welds (not samples) by X-rays and examining the radio- 
graphs for signs of a onl: cavity, with or without 
associated cracks, within the area of the spot weld. 
If this cavity appeared on the film the weld was 
regarded as sound, but not otherwise. As the welds 
which showed cavities in the spots always proved to be 
strongest when subsequently tested to destruction, this 
was accepted as a reliable method of non-destructive 
examination, especially as it was considered that a 
weld taken to a sufficiently high temperature to give 
good fusion was also more likely to form a cavity 

one which did not reach so high a temperature. 

The — method, however, ag dis- 
advantage of being costly and of requiring a long time 
to pre Seti. “On the cau hand, it was known that 
austenitic material changes its magnetic properties 
when stressed by shearing, working and rolling, as 
well as when subjected to heat treatment. Numerous 
stainless-steel sheets were therefore spot welded with 
different settings of the welding machine, and welds 
ranging from very good-to very poor fusion were thus 
obtained. These welds were examined magnetically, 
radiographically, and destructively, and good correlation 
was found between the results. It was discovered, for 
instance, that the better the weld the greater the 
change in the magnetic permeability at the spots. 
It was also found that the permeability was always 
increased by welding, the change being appreciable in 
good welds and very small in bad welds. These results 
were obtained by a differential inductance bridge 
working at 50 cycles per second. As, however, great 
care is necessary in using this instrument, in order to 
obtain consistent results, it was felt that it would be an 
unsatisfactory device to put into a sheet-fabricating 
shop. A search was therefore made for a magnetic 
detector which would respond to small local changes in 
permeability and would be simple to apply, 

The result is the Metrofiux captive-fluid magnetic 
detector cell, of which an illustration a) in Fig. 1, 
on page 180. This illustration also shows the per- 
manent magnets which are used in connection with the 
apparatus as described below. The cell, which, it is 
claimed, provides the combination of simplicity, 
sensitivity and flexibility required in a factory, consists 
of a shallow dish of transparent plastic material which 
can be of any convenient size or shape. The back of 
this dish is formed of a thin diaphragm, which is usually 
opaque and white. The cell is sealed off and contains 
a small quantity of fluid which is made up of minute 
magnetic particles suspended in light oil. When sucha 
detector is shaken well, so as to distribute the particles 
through the oil, and is laid on a magnetised sheet 
containing a spot weld, a particle pattern is formed on 
the diaphragm, if the magnetic properties at the spot 
differ appreciably from those of the parent sheet; in 
other words, the detector indicates the spots which have 
reached a sufficiently high temperature during welding 
to produce satisfactory results. Examples of the 
indications given by the detector are illustrated in Figs. 
3 to 6, page 180. In Fig. 3 there are six spots, produced 
with alternate high- and low-current settings. The first, 
third and fifth spots from the top, however, are not 
visible in the illustration and indicate bad welds, while 
the second, fourth and sixth show that good results 
have been obtained. Fig. 4 shows the type of spot 
obtained with normal current, while Figs. 5 and 6 are 
examples of those which are produced when high 
currents are used. 

The residual flux, in some welded spots, is sufficient 
to produce particle patterns of this kind. Results are 
obtained with much greater speed and certainty, 
however, if some external magnetisation is applied at 
the same time as the captive-fluid detector is used. 
Either permanent magnets or electromagnets can be 
used for this » so sy depending on the accessibility of 
the spots. For instance, Fig. 7, page 180, shows a 
detector being used in conjunction with a permanent 
magnet on the spot welds of a gas-turbine combustion 
chamber. For testing in inaccessible places, where it is 
impossible to place the detector cell so that a icle 
pattern can be observed, free magnetic fluid, of rather 
greater concentration than normal, can be sprayed 
over the spots. Although this procedure serves to 
indicate the particle patterns in the surface of the metal, 





it is not so satisfactory as the captive-fluid method. 
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tm have become known. These depend upon the 
in which the external magnetisation is made 
to traverse the spots. In the “ black-spot ” technique, 
which is that illustrated in Figs. 3 to 6, the flux from the 
exciting magnet is caused to flow axially up through the 
spot normal to the sheet surface and into the detector 
The more permeable spots then tend to act as 
magnetic extensions of the exciting magnet and to draw 
the particles to them in dark clusters, which contrast 
with the lighter concentrations associated with the less 
magnetic parent sheet. Black spots are therefore 
seen against the lighter background of the detector cell. 
In the white-spot technique, which is illustrated in 
Fig. 2, the flux is made to flow diametrically across the 
spot, and parallel to the sheet and the bottom of the 
detector cell. The magnetic particles then tend to 
accumulate at the entry and exit arcs of the spot 
centres, leaving a lighter between the dark 
“ brackets” so formed. Although either method can 
be used, the a, Sr 
used, there is no likeli of a bursting bubble in the 
detector being mistaken for a white spot, as may occur 
: the whi t technique is employed. 

t is claimed the magnetic method of testing 
spot welds is quick, simple, and reliable, and that 
dexterity in its use is soon acquired. It is not necessary 
for the magnet to be close to the material 
vided it is of sufficient power. The tests are 
made with the detector in a horizontal position, so that 
gravity helps to settle the particles and gives the 
greatest sensitivity. It is stated that most ferrous 
stainless alloys can be tested in this way. 





INSTITUTION ELECTIONS. 
InstrruTe oF Marne ENGINEERs. 

Member.—Charles Samuel A’Court, O.B.E., Shrews- 
; John Armstrong, London, W.C.2; George Cecil 
ur, Cardiff; Comdr. (E) Nigel Edward Bagshaw, 
R.N., Newcastle- -Tyne; Comdr. (E) Leonard 
Baker, D.S.C., +» Bath; Ernest Frederick Bates, 
Camberley; Boleslaw Stephen Bielawski, London, 
E.C.3 ; Oscar Henrig Lundius Birnie, Harlow ; Charles 
Poole; Richard 


Roy 
vans, Puiney + Eng, Bear adesba 
vans, 3 7 -Admiral 
Oswell Frew, C.B., Chatham; Walter Alexan- 


Liverpool; Thomas Hamilton, B.Sc., Glasgow; 

Harms, Strood; John Robert Hawkins, 
David James Harris, Pinner; Alan 
Thomas Hatton, Balgowlah, N.S.W., Australia; John 
Herriotts, Sidcup; Thomas Eric Jones, G ; 
Dennis David Ernest Jewitt, Rugby; Ernest Gilbert 
Leech, ; Walter Samuel Lerpiniere, Ilford ; 
Nicol M , Morecombe ; Murray Albert Macmillan 
Southampton ; Lieut. (E) John 
Mosman, N.S.W., Australia ; Thomas Laidlaw Mitchell, 
Dumbarton; Brian Patrick John Murray, Ilford ; 
; Lt.-Comdr. ap Poet 


mansworth ; Comdr. Frank Roberts, O.B.E., D.S.C., 
R.N., North Ferriby, Yorks. ; Lt.-Comdr. (E) Thomas 
William Robinson, R.N., Durban; James MacDonald 
mo > 7 i meh cpp: hn Allen Adamson Scaife, 
-N., Ne -upon- 3; _ Reginald Watson 
Smedley, Eastham, Cheshire; John Perry Smith, 
Norton-on-Tees ; (E) John Ste 
Somers, R.I.N., Newcastle-upon-Tyne ; Frank Hebden 
cones, Beeston; Peter Courtenay Speechly, Gidea 
Park; Leslie Hamilton Spratt, Ilford; Roy Jackson 


es William » Blackpool ; Donald 
Tait, Liverpool ; Gould Basie Taylor, Pen- 

; James William Tector, Stone, Staffs. ; Thomas 
Thomson, Singapore; Laurence Raymond Vandome, 
B.Sc., Cambridge; Thomas Walker, Bristol; David 
Miller Watt, Sydney ; William Pink Watson, London, 
N.1; William Wilson, Sydney; William Young, 





THE CALEDONIAN CANAL.—The Ministry of Transport 
has announced that the Caledonian Canal is closed for 
through traffic until further notice, owing to a breach in 
the canal embankment three miles west of Fort Augustus. 
The eastern part of the Canal, however, is open to traffic 
as far as Fort Augustus. No traffic can be accepted 


Tue following specifications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Publications Depart- 
ment of the Institution, 28, Victoria-street, London, 
8.W.1, at the price quoted at the end of each paragraph. 
Flameproof Electric-Lighting Fittings.—A revision 
of the specification for flameproof fixed electric-lighting 
— of the well-glass bulkhead types, B.S. No. 
889, first published in 1940, has now been issued. In 
the new publication an appendix has been added 
prescribing dimensions for six sizes of well glasses 
which it is recommended should be adopted as standard 
in order to facilitate manufacture and effect economies 
in production. A further appendix has been added 
giving details of the flameproof mark and the procedure 
to obtain authority to use the mark. The rous 
atmospheres covered by the specification are : Group I, 
methane; Group II, Fay eon vapour and acetone 
vapour; and Group III, town’s gas or coke-oven gas 
containing not more than 60 per cent. of hydrogen. 
Acetylene and carbon disulphide are excluded from the 
scope of the specification, and investigations are being 
carried out with regard to the inclusion of other gases. 
[Price 3s., postage included.] 

Hose Connections for Welding Appliances.—A new 
specification, B.S. No. 1389, covering hose connections 
for welding and cutting ietivenen ben been prepared 
and issued in order that a change in the size of a cutting 
or welding blowpipe, or an interchange between the 
two, may be effected with a minimum change of hose. 
Three sizes have been standardised, as it is considered 
that these should cater for the vast majority of applica- 
tions. These sizes are: } in. B.S.P., } in. BSE and 
4 in. B.S.P. The specification deals with the connec- 
tion at the inlet end of the blowpipe, the hose-coupling 
nut and the hose-coupling aren, A range of three 
reducing hosé couplers, for connecting together unequal 
sizes of hose, is also available. It is stipulated that the 
thread on hose connections, coupling nuts, and couplers 
for the oxygen supply, shall be a right-hand thread, 
while that for the fuel-gas supply shall be a left-hand 
thread. Coupling nuts and hose couplers having a 
left-hand thread are notched. The specification con- 
tains line drawings of the various fittings covered and 


.| complete tables of dimensions. [Price 2s., postage 


included.] 
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The Louis Cassier Company, Limited, Dorset House, 
Stamford-street, London, 8.E.1. [Price 258. net.) 
Shorter School Arithmetic. By G. H. R. NEWTH. 
University Tutorial Press, Limited, Clifton House, 
Euston-road, London, N.W.1. [Price 4s. 9d. net, with 
answers; 4s. 3d. net, without answers.) 

Monographs on the Progress of Research in Holland 
New Developments in Ferromagnetic Materials. With 
Introductory Chapters on the Statics and the Dynamics 
of Ferromagnéism. By J. L. SNOEK. Elsevier 
Publishing Company, Incorporated, Amsterdam. 
Cleaver-Hume Press, Limited, 42a, South Audley- 
street, London, W.1. [Price 13s. 6d. net.) 

Hand Tools. By ALBERT M. WaGENER and Harian R. 
ARTHUR. Third printing. D. van Nostrand Oom- 
pany, Incorporated, 250, Fourth-avenue, New York 3, 
U.S.A. [Price 2 dols.] Macmillan and Oompany, 
Limited, St. Martin’s-street, London, W.0.2. [Price 
10s. 6d. net.) : 

Elements of Radio. By Onarirs I. HELEMAN. Second 
edition. D. van Nostrand Company, Incorporated, 
250, Fourth-avenue, New York 3, U.S.A. [Price 
2-50 dols.) Macmillan and Oompany, Limited, 
St. Martin’s-street, London, W.0.2. [Price 14s. net.] 

Wireless Direction Finding. By R. KEEN. Fourth 
edition. Published for the Wireless World by Iliffe 
and Sons, Limited, Dorset House, Stamford-street, 
Lendon, 8.E.1. [Price 45s. net.] 

Light, Vision and Seeing. A Simplified Presentation of 
Their Relationships and Their Importance in Human 
Efficiency and Welfare. By Dr. MatTrHew LUCKIESH. 
Fourth privting. D. van Nostrand Company, Incor- 
porated, 250, Fourth-avenue, New York 3, U.S.A. 
Macmillan and Oompany, Limited, St. Martin’s- 
street, London, W.0.2. [Price 25s. net.) 

Electronics and Their Application in Industry and 
Research. Edited by Dr. BERNARD LOVELL. The 
Pilot Press Limited, 45, Great Russell-street, London, 
W.C.1. [Price 42s. net.] 


Ministry of Transport. Division. 


Railways 
Accidents. Report on the Collision Which 
on the 2nd January, 1947, at Gidea Park on the London 
and North Eastern Railway. H.M. Stationery Office, 
Kingsway, London, W.0.2. [Price 1s. net.] 
Early Scottish Colliery Wagonways. By GrorGE Dorr. 
St. Margaret’s Technical Press Limited, 33, Tothill- 





tor the western end of the Canal. 





street, Westminster, London, 8.W.1. 


[Price 28. 6d.] 


Southern Railway, is to be chairman of the Railway 
Executive under the Transport Act. Lorp LaTHam is 
to be chairman of the London Transport Executive. 


Dr. H. RoxBeeE Oox, D.1.0., B.Sc., F.R.Ae.S., Director 
of the National Gas Turbine Establishment, near W het- 
stoue, and chairman and managing director of Power Jets 
(Research and Development), Limited, has been awarded 
the American Medal of Honour with Silver Palm for 
“ meritorious service to the Government of the United 
States, from September, 1941, to September, 1945, in 
connection with the development of turbo-jet and turbine 
aircraft engines.” Dr. Roxbee Cox was also recently 
awarded the Memorial Medal of the University of Louvain 
and. made an honorary member of the Association des 
Ingénieurs de la Faculté Polytechnique de Mons. 


Dr. E. TaLBor Paris, Principal Director of Scientific 
Research (Defence), Ministry of Supply, has been 
awarded the American Medal] of Freedom, with Bronze 
Palm, for his work on the “ development of radar 
communications and other electronic equipment required 
for the ground forces of the British Army ”jand also for his 
collaboration with American laboratories in these 
matters. 


Sm Cuive Barmiiev, K.B.E., O.M.G., M.A. (Oxon.), 
has been elected an honorary member of the Australasian 
Institute of Mining and Metallurgy. 

Mr. W. MACKENZIE, assistant engineer for docks, 
London and North Eastern Railway, has been appointed 
Chief Engineer for Docks (North Eastern and Great 
Central Sections), in succession to Mr. A. TULIP, who is 
retiring from the service on September 30. 


The London and North Eastern Railway also announce 
that Mr. E. G. BRENTNALL, assistant to the Engineer 
(Signals), Edinburgh, has been made Assistart Chief 
Engineer (Signals), in succession to Mr. A. E. TATTERSALL, 
who is retiring in September. Mr. A. K. TERRI, district, 
engineer (Glasgow) is to be assistant engineer (London), 
and Mr. R. E. SADLER, chief technical assistant (con- 
struction), London, is to be assistant to the Engineer 
(London). 


Mr. G. H. 8. Price, B.Sc., has been awarded the degree 
of Ph.D., by the University of London, for a thesis entitled 
“The Sintering of Alloys in the Presence of a Liquid 
Phase, with Particular Reference to the Tungsten-Nicke!- 
Copper System.” The work was conducted at the 
Research Laboratories of the General Electric Company, 
Limited, Wembley, Middlesex. 


Dr. C. RaEBURN has left the Water Supply and 
Irrigation Department, Cyprus, to take up the position 
of Director, Geological Survey, Nigeria. 


Dr. F. N. Woopwarp, head of the United Kingdom 
Scientific Mission in Washington, U.S.A., has now been 
appointed, in addition, scientific adviser to the British 
High Commissioner in Ottawa. 


Mr. W. B. ParRKER has now retired from the staff of 
the Research Laboratory of the British Thomson- 
Houston Company, Limited, Rugby. 


Mr. H. Hatumary, 0.B.E., is relinquishing his appoint- 
ment as Director of Refractories in the Ministry of Supply 
or August 31. After that date, all communications and 
inquiries regarding refractory products should be ad- 
dressed to the Ministry of Supply, Metals Division (M.2), 
Shell Mex House, Strand, London, W.O.2. 


Mr. L. VauGHan, M.Inst.M.M., has left this country 
for Malaya, where he will act as Tin Adviser to the War 
Claims Commission. 


The Colonial Office announce that Mr. 8S. P. RoPER and 
Mr. R. A. Mitts have been appointed Assistant Con- 
trollers of Tel icati (Engineering) in Malaya, 
and that Mr. J. BrRapsHAW has been made an executive 
engineer in the Public Works Department, Nigeria. 


Mr. Jonn Fox, A.M.1.Mech.E., F.Inst.F., of Messrs. 
Johv Fox and Partners, consulting engineers, 4, Great 
‘Winchester-street, London, E.0.2, has changed his private 
address to 27, Adelaide-crescent, Hove, 3, Sussex. 


Mr. E. Apcock, formerly chief accountant to Messrs. 
E. H. Jones (Machine Tools), Limited, Edgware-road, 
The Hyde, London, N.W.9, has been appointed secretary 
to the company. 


Dr.-Ine. E. ZUREK has been appointed managing 
director of Messrs. John Yuille (Metal Wools) Limited, 
Hillington-road, North Hillington, Glasgow, 8.W.2. 
The name of the firm has now been altered to JOHN 
Yurmx (MetaL Works) LimiTeD. 


Messrs. HowaRD CLAYTON-WRIGHT LIMITED have 
transferred the whole of their organisation to their new 
premises at Wellesbourne House, Wellesbourne, Warwick- 
shire, at which address the offices and works of the com- 
pany and of its associate companies, HaRRISFLEX BEAR- 
Incs Limtrep, and CLayFLEx Luarep, will vow be 








centralised. (Telephone: Wellesbourne 316-7-8.) 
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NOTES FROM THE NORTH. 
GLasaow, Wednesday. 

Scottish Steel.—The production of steel has been well 
maintained at about capacity level during the past week, 
in spite of trying climatic conditions for furnacemen and 
rollers. Plate and cogging mills have been run at some 
of the works on Sundays in an effort to overtake arrears 

of orders. Plates under ¥ in., } in. and ¥ in. have been 
extremely scarce. The demand for larger diameter bars 
and certain sections is also largely unsatisfied. Re- 
rollers, however, have been getting better supplies of 
billets from the steelmakers, but there is a marked 
shortage of sizes under 3 in. square. Sheetmakers are 
finding supplies of sheet bars inadequate, and light-sheet 
outputs remain restricted. Slabs for the manufacture 
of medium plates, however, are in fairly good supply. 
Export inquiries show no diminution, but makers are 
obliged to decline most of the business offered. 

Scottish Coal.—Very indifferent outputs have been 
obtained recently in the Scottish coalfield, and there 
is understood to be a disconcerting increase in the rate 
of absenteeism over the past two months. The men are 
settling down to the new arrangements introduced by the 
five-day week reasonably well—the condition which 
insists upon a miner remaining on his job for the full 
74-hour shift was naturally resented by many miners 
who had been able, previously, under the six-day week 
system, to get up the pit in four to six hours, but this 
resentment has died down somewhat. On the other 
hand, the actual piece of work performed by the miner on 
the shift has not increased accordingly, and more progress 
might have been made, it is understood, if the miners’ 
representatives had shown greater accommodation and 
flexibility in coming to new working arrangements. 
Scarcity of machinery and plant also tends to impede 
efforts to expand production, but this problem cannot be 
solved by the coal industry itself. A great deal of heavy 
machinery needed for the modernisation of haulage—one 
of the main requirements stressed in the Reid Report— 
is on order, but manufacturers have far more work on 
hand than their resources can cope witb, and the delivery 
of pew plant takes many months to effect. Even pit- 
wood is not plentiful, and sparing use has to be made of 
many otber descriptions of colliery equipment and raw 
materials. Current market needs are being covered 
fairly well, but restocking is very slow. The first delivery 
of about 9,000 tons of American coal arrived in the Olyde 
last week. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 
The Welsh Coal Trade.—A pledge of the fullest support 
and co-operation of the miners in the area in whatever 
steps may be decided upon as the most effective means of 
immediately a substantial increase in coal 
production, was given by the executive council of the 
South Wales area of the National Union of Mineworkers 
last week, following a four-hour meeting with the miners’ 
Members of Parliament for the coalfield. Oonsiderable 
interest was aroused on the market last week by a report 
from Australia that a Welsh mining company, the name 
of which was not given, had approached the Queensland 
Government concerning the exploitation of a virgin 
Queensland coalfield. This followed quickly upon the 
announcement that the English Electrical Supply Cor- 
poration had completed arrangements for establishing a 
18,000,000. coalmining undertaking at Blair Athol, north 
of Brisbane. In order that negotiations should proceed, 
1,450 miners at Lianbradach Colliery returned to work 
after being on strike over the question of the payment of 
the minimum wage to one man. More than 500 em- 
ployees at the patent-fuel works in the area also returned 
to work pending negotiations. Their dispute arose over 
the non-payment of wages for statutory holidays, the 
strikers claiming that they should be brought into line 
with the miners now that they were under the N.O.B. 
Conditions have been difficult for operators on the Welsh 
steam-coal market. The demand, especially from inland, 
has been active but, with staggered holidays still inter- 
fering with production, producers have found it difficult 
to maintain deliveries under standing contracts. As a 
rule, order books are well filled ahead, and consequently 
there is little likelihood of any improvement in the present 
conditions. The shortage of supplies has prevented any 
resumption of the export trade. Some foreign consumers 
are still showing a steady interest but, once again, the 
only coals being shipped are limited quantities of some of 
the poorest kinds destined for certain users in Eire. 


business in tin-plate is not active although there is no 
relaxation in the demand. Makers have well-filled order 
books for the current quarter and the available supply 
does not permit of much new business being transacted. 
In the export market quiet conditions rule owing to the 
limited quantities offered for sale. Steel sheets continue 
to have a demand much in excess of the production. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Some improvement iu steel] produc- 
tion has been made possible by the fuller supplies of 
coke-oven gas now available, but there is still a shortage 
which hampers progress in many works. Rolling mills 
and forges have been able to secure more steel, and, with 
the help of foreign labour, have been able to work fuller 
time in some cases. Messrs. Hadfields Limited, have 
completed developments for the large-scale production of 
excavator buckets for opencast mining ; hitherto it has 
been necessary to rely to a considerable extent upon 
American machinery and equipment for this work. Pro- 
gress is also being made with the adaptation of armament 

for the production of heavy machine tools, En- 
deavours are being made to accelerate the production of 
railway material, the manufacture of which has been 
impeded by scarcity of suitable types of steel, chiefly axle 
steel. Evidence of the decline of the sellers’ market 
abroad is accumulating ; extensive cancellations of orders 
for cutlery for the Argentine have been made, and the 
prohibition of imports of cutlery into India is still in 
force. Mexico has trebled the duties on imports of 
cutlery and tools. 

South Yorkshire Coal Trade.—Supplies of coal have 
been reduced by two disputes; one as a protest against 
the extension of yardage by 2 ft. affecting 150 miners at 
Grimethorpe Colliery. All the 2,600 men employed at 
the pit came out on strike and there has been a loss of 
production of between 15,000 and 20,000 tons. The 
demand for coal is stronger especially for industrial 
steams which are needed to build up stocks to the pre- 
scribed level. Gas coal is in strong request, and the full 
allocation of coking coal has been delivered to N.O.B. 
ovens. Ooal for electric power stations, both pit and 
opencast qualities, has been delivered in satisfactory. 
quantities. House coal is quiet. Ooalite is moving 
freely. 





NOTES FROM CLEVELAND AND 


THE NORTHERN COUNTIES. 
* MIDDLESBROUGH, Wednesday. 

General Situation.—The heavy commitments of iron 
and steel manufacturers will absorb the whole of the 
prospective tonnage output for the current delivery 
period and there is consequently little scope for further 
business. Both home and export customers have very 
heavy purchases overdue for supply and are pressing 
persistently for much larger deliveries than are obtainable 
at present. A substantial increase in the production 
of pig iron is essential for foundry needs and also for the 
requirements of the steel furnaces. Idle blast-furnaces 
are being re-kindled as adequate supplies of coke are 
assured and more scrap is urgently needed to keep the 
steelworks running steadily. All applications for the 
purchase of pig iron and scrap are closely examined and 
allocations are adjusted to ensure, as far as possible, the 
greatest benefit to priority customers. Output of 
Oleveland ironstone is still at a low level, necessitating 
extensive use of tonnage from other iron centres. Im- 
ports of high-grade foreign iron ore are maintained on a 
Satisfactory scale. 
Foundry and Basic Iron.—High-phosphorus pig iron 
is still required in considerably larger parcels than are 
obtainable and the shortage continues to keep the 
manufacture of several commodities at a level well below 
the demand, both for home purposes and for the export 
market, The whole of the basic-iron output is absorbed 
by the requirements of the makers’ own consuming 
plants. 


Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite manufacturers are meeting their delivery 
obligations, but makers of low- and medium-phosphorus 
grades of iron have no surplus tonnage to dispose of. 
The output of refined iron is steadily taken up. 


Manufactured Iron and Steel.—Semi-finished aud 
finished-iron firms have well-filled order books and are as 
actively engaged as conditions permit. Makers of steel 

ble to meet the requirements of the re-rolling 
mills and the import of Continental products continues, 
The chief requirements of the re-rolJers are small billets 





NOTICES OF MEETINGS. 


It is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 
NORTH OF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, August 23, 2.30 
p.m., Neville Hall, Newcastle-upon-Tyne, 1. Annual 
General Meeting. (i) Annual Report of the Council and 
Financial Report for 1946-47. (ii) “A New Approach 
te Roof Control,” by Messrs. H. J. Perrins and J. R. 
Jenkins. 


BRITISH ASSOCIATION.—Section .G ‘ (Engineering) : 
Thursday, August 28, Friday, August 29, Monday, 
September 1, and Tuestlay, September 2, at 10 a.m. 
each day, at University College, Dundee, various papers 
and discussions. Visits to works, etc., each afternoon. 
For programme, see page 159, ante. 

INSTITUTION OF PRODUCTION ENGINEERS.—Ltion 
Section: Monday, September 8, 7 p.m., Town Hall, 
Luton. Film Display, introduced by Mr. W. Whitworth 
Taylor. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Septem- 
ber 9, 5.30 p.m., 85, Mimories, E.C.3. (i) Presidential 
Address, by Sir Amos L. Ayre. (ii) “ Steam Pipework 
Design in Ships,” by Lieut. (E) P. T. Hoath. 

Royal AERONAUTICAL SocreTy.—Tuesday, Septem- 
ber 9, 7 p.m. for 7.30 p.m., Guildhall, E.0.2, Dinner in 
honour of the Anglo-American Aeronautical Conference. 





CONTRACTS. 


Messrs. OHARLES BOOTH AND Son, Lidget Green 
Bradford, have received an order from the London, 
Midland & Scottish Railway for the reconstruction of the 
retaining wall at Elizabeth Dock, Maryport, Cumberland. 
Messrs. Sm ROBERT MCALPINE AND Sons (SOUTH 
Wates), Loarep, 80, Park-lane, London, W.1, haye 
obtained a contract from the Great Western Railway 
for extensive railway engineering works to serve the new 
sttip-mill and steelworks plant now being erected for 
the Steel Company of Wales at Margam, Port Talbot. 
The work involves the diversion and doubling of nearly 
13 miles of railway, the provision of two new marshalling 
yards with subsidiary lines and sidings totalling 24 miles 
of track, the construction of six large bridges and two 
viaducts, and the laying of hundreds of yards of pipes 
varying from 6 in. to 6 ft. in diameter for draining the 
area of marsh land covered by the site. 

The Glasgow Corporation Water Department have 
Placed contracts for the supply and erection of four 
electrically-driver horizontal split-casing type pumps, 
each capable of discharging 3,500 gallons per minute 
against a total head of 250 ft., and also six smaller centri- 
fugal pumps for booster stations, with the PULSOMETER 
ENGINEERING CoMPANY, LimIrEeD, Reading. The Depart- 
ment have also ordered 1,556 tons of 30-in. diameter 
concrete-lined cast-iron pipes from the StanTron IRon- 
WORES OOMPANY, LiMiTED, near Nottingham; and 
2,200 yards of 24-in. concrete-lined spun iron pipes from 
Messrs. COCHRANES (MIDDLESBRO’) FOUNDRY, LIMITED. 
Messrs. CAMPBELL AND MoGri, Lmorep, 5, High- 
street, Chislehurst, Kent, have received an order from 
the London County Council for the construction of 
access and cleansing shafts to the diluted wet-sludge 
store and lower culvert at the Southern Outfall Sewage 
Works, Crossness, Abbey Wood, 8.E.2. 


Messrs. THE ENGLISH ELECTRIC ComPaNy, LIMITED, 
Stafford, have been awarded by the State Electricity 
Commission of Victoria, a contract for the supply of 
transformers for what is stated to be the first 220-kV 
system to be operated in Australia. The contract 
comprises seven 18,000-kVA Type-OFB single-phase 
transformers for installation at the Commission’s power 
station at Yallourn, and four 16,666-kVA type-ON single- 
phase transformers for the Kiewa No. 4 power station. 





GOVERNMENT SURPLUS MACHINE TOOLS.—The Ministry. 
of Supply has already disposed of over 150,000 surplus 
machine tools of all categories. Nevertheless, large 





and sheet bars. The supply of pig iron to the steel- 
melting shops is likely to be augmented and foundry 
owners hope to obtain rather more iron for the production 
fof the urgently needed light and heavy engineering 
castings. The issues of delivery licences for finished 
steel are still strictly supervised and no branch ofindustry, 
beyond the special priority groups, is receiving anything 
like the quantity of steel required. 

j Scrap.—The demand for scrap continues brisk. Avail- 
able parcels of good heavy steel are promptly absorbed 
and all grades of cast-iron scrap are in strong request. 
Large parcels of cast iron have been supplied and 
substantial inquiries are still circulating, particularly for 
machinery metal and heavy descriptions of material in 
large pieces and furnace sizes. 





quantities of additional machine tools are being reported 
at frequent intervals and are avaiJable for sale to users. 
At present, some 40,000 machine tools of various types are 
stored ready for immediate disposal] and some thousands 
more are in the process of being added to the surplus lists. 
Complete lists of machines, for sale at the Ministry’s 
stores, are maintained at each of the regional] disposal 
centres. These records give a specification, price, and 
location, in respect of each machine tool. The regioual 
disposal centres are at Room 0088, Thames House North, 
Millbank, London, 8.W.1; 10, Bank-street, off Boar- 
lane, Leeds; 8-9, Elmdale-road, Bristol; @.M.L. 
Buildings, Great Charles-street, Birmingham ; Britannia 
House, Fountain-street, Manchester ; 21, Glassford-street, 





Glasgow ; and 14, James-street South, Belfast. 
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MAGNETIC TESTS OF SPOT-WELDS IN STAINLESS STEEL. 


MESSRS. METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, MANCHESTER. 








(For Description, see page 177.) 
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PROTECTION OF STAINLESS STEEL 
IN STAMPING OPERATIONS. 


A PLastic coating known as “ Liquid Envelope,” 
originall ig by Better Finishes and Coatings, 
Tossupeustedl ewark, New Jersey, U.S.A., as a 
corrosion-protective film for application to steel 
surfaces during storage and transport, is now being 
employed to protect the surface of stainless-steel sheets 
in stamping, and particularly in deep-drawing opera- 
tions. Writing on the subject in a recent issue of 
The Iron Age, Mr. W. A. Phair, technical editor of 
that journal, states that the new development is 
due to the metallurgists of the Eastern Stainless Steel 
Corporation, of Baltimore, who have found that the 
coating has the effect of minimising die marks and 
scratches caused in the normal routine handling of the 
sheets in the works. The coating can be applied by 
spraying, dipping or brushing, and, after use, can be 
codiy cxipgoa from the metal by peeling. The manu- 
facture of sink bowls and other articles from stainless- 
steel sheets coated with the a film has indicated 
that ‘the coating remains unbroken when the steel is 
subjected to deep-drawing operations. Scratches, and 
other marks and defects, are prevented, and the ease 
with which the coating can be removed subsequently 
is in contrast with the difficulties often experienced 
with the gummed-paper coverings | previously em- 

. Another advantage is that the plastic 
coating, apparently, has some lubricating effect on the 
dies. It is stated, in fact, that when using the new 
coating the galling of the dies is prev and less 
drawing compound is used during the fabricating 
process’ than was formerly the case. It has been 
‘determined by experiment that the most effective 

ing for use in connection with 
operations is from 0-0015 to 0-0026 in. thick. 
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THE STATE OF THE 
NATION. 


A WEEK ago, we summarised very briefly, on 
page 159, ante, the evidence on the economic position 
of the nation as it appeared from the proceedings in 
the House of Commons. It will ‘be recalled that 
there were two significant debates in the House : 
the first, on “‘ the state of the nation,” on August 6 
and 7, and the second, on August 7 and 8, on the 
second reading of the Supplies and Services (Transi- 
tional Powers) Bill, ostensibly separate but, in fact, 
arising out of the conditions disclosed by the first 
and, therefore, hardly to be dissociated from it. 
The conclusions to which we came—not alone in 

so doing—were that the financial sands were fast 
running out ; that the crux of the problem was coal 
production and that another million tons a week was 
needed to ensure a genuine relief ; and that “the 
real crisis is still to come.’ 

The broadcast message by the Chancellor of the 
Exchequer (the Rt. Hon. Hugh Dalton, M.P.) on 
the evening of Wednesday, August 20, confirmed 
these general conclusions in no uncertain fashion ; 
though, indeed, we are not disposed to claim any 
especial clairvoyance or even merit for having dis- 
cerned previously what has been obvious to any 
thoughtful and unbiased observer for many weeks. 
On the financial side, Mr. Dalton said nothing that 
might not have been predicted from the figures 
contained in his own speech on August 7; and the 
vital significance of the coal situation has been 
emphasised by politicians, economists, industrialists, 
and in the Press since long before the fuel crisis of | is 
six months ago. What may not be realised immedi- 
ately by the general body of the nation is the full 
effect of the Government’s decision, as announced 
by the Chancellor at 9.15 p.m. on August 20, to 
the conversion of sterling into dollars, with 
éffect from midnight on the same day; but the 
realisation-cannot be long delayed. 

The essence of Dr. Dalton’s “ important announce- 


more | ment ’’‘was, as stated, that.sterling would no longer 





be convertible into dollars, though the implication 


“interrupt trade over a wide area,” but averred 
that Britain was “only taking precautions to main- 
tain a firm foundation to sterling.” The nation, he 
continued, must face further in supplies 
from overseas, because the real trouble was that 
imports so greatly exceeded exports; this gap must 
be closed as a condition of survival. 

Finally, Mr. Dalton indulged in some plain speak- 
ing to the miners, emphasising that “we cannot 
have too much coal,” but, “if we have too little, we 
cannot get through”; and that “there is no sub- 
stitute for hard work if we are to sustain the national 
economy.” Admirable sentiments, containing every 
merit except that of novelty, but which the Govern- 
ment appear to have discovered only in the past 
couple of months or so. 

Mr. Dalton made a great point, in his broadcast 
speech, that sterling would be still freely convertible 
into currencies other than dollars; but, in his 
speech to the House of Commons on August 7— 
only a fortnight ago—when seeking to show that 
the American loan had not been unde: he 
spoke in different terms. After explaining how 615 
million dollars had been spent outside the United 
States, mainly on of foodstuffs and oil, 
he said that “‘We have to pay dollars for them, 
because neither the Canadians nor the Latin- 
Americans are interested in holding blocked sterling 
—they want British imports or dollars; this is 
one of the essential features of the case.” It is, 
indeed, “‘one of the essential features”; but he 
did not explain, on August 20, what changes had 
taken place in world economics during the preceding 
fortnight to cause other countries to accept the 
blocked sterling that the Canadians and the Latin- 
Americans found so uninteresting. The probability 
would seem to be that they also will want either 
British goods or dollars. The dollars will be forth- 
coming no longer, and the export of goods cannot 
be increased overnight to balance the deficit. Even 
if Britain’s domestic requirements are co 
ignored or denied, such a method of closing the gap 
is hardly to be commended ; the man who pawned 
his razor in order to pay for a shave has never 
been regarded as an exponent of sound econontics, 
but that,.in effect, is what the Government appear 
to contemplate doing, if the Chancellor’s references 
to greater exports, reduced imports, and more 
severe shortages are to be taken literally. 

For a long time past, there have been complaints 
about the contradictory policies pursued by different 
Government departments, and the seeming lack of 
co-ordination and even of uniformity of outlook 
that. they display. Agricultural implements are 
exported to ‘soft-currency” countries in order 
to pay for food bought in “hard” currency. Steel 
is e in the form of plates and bars—the 
cheapest of all steel products—while British engin- 
eering firms, who could have exported it as machi- 
nery and other manufactures of many times the 
value per ton, are short of materials. Short time 
is being worked, and complicated. schemes of 

ing” hours are being drafted, because the 
electrical plant which could have avoided. the 
necessity for either is being shipped overseas. Nor 
does the handicap stop here; the materials are 
not merely being withheld and diverted—the 
refusal or diversion is occu) the time and 
energies of increasing hosts of Government clerks, 
whom the decelerating factories and the dwindling 
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It is very necessary, in considering this country’s 
present problems, to find some sound basis of com- 
parison before seeking to draw parallels of a statis- 
tical nature between the conditions of 1947 and those 
of previous years ; and such a basis is not easy to 
establish. Money values in depreciated pounds 
sterling certainly do not provide it. Mr. Herbert 
Morrison, half an hour before Mr. Dalton’s broadcast, 
told a Press conference that British exports have 
reached a higher level than they have ever attained ; 
but he was talking of values in English money and 
ignoring the fact that the world standard now is the 
dollar. The real basis is saleable productivity 
per head, but there is no firm unit of measure- 
ment that can be applied. The principle was laid 
down long ages,ago—“‘In the sweat of thy face 
shalt thou eat bread”; but that, of course, is in 
direct conflict with other principles which organised 
labour (and a great deal of unorganised labour, too) 
still regards as being of superior importance—the 
40-hour week, limitation of output, restrictions on 
the use of machines, and the maintenance of rigid 
lines of demarcation between the spheres of trades 
which have come.to be regarded as separate and 
distinct, whereas, in fact, there is little or no real 
justification for such distinctions. The engineering 
industry is particularly prolific of arbitrary divisions 
of this kind and would be much the better, in the 
opinion of many, for a return to the freedom and 
the varied skills of the old-time millwright. 

As we go to press, it is announced that the nego- 
tiations between the National Coal Board and the 
executive committee of the National Union of Mine- 
workers, on the subject of longer working hours, 
have produced no result. The Government want 
the miners to work an extra half-hour per day over 
the five-day week; the miners want to work on 
Saturdays—presumably, to obtain higher overtime 
rates. As was pointed out in the House of Com- 
mons recently, however, Saturday working is not 
likely to increase coal production in proportion to 
the additional hours that it represents, because the 
working schedule is organised on a basis of five days 
a week, and, especially in mechanical coal-cutting, 
the addition of half a day to each week would disturb 
the entire programme of events. This must be per- 
fectly well known to the miners, and it would 
appear, therefore, that their insistence on Saturday 
working and refusal to extend the working day is 
merely another instance of the determination to 
seek a higher monetary return without regard to 
consequences. 

It has been argued in some quarters that the 
unfortunate position into which the country has 
drifted must be due to some other cause than lack 
of productivity on the part of British industry ; 
for example, that the coal output is now equal to or 
higher than the domestic consumption in the years 
immediately before the war, and the power-generat- 
ing capacity available per head of the population is 
also greater. Statistically, this may be true, but 
there are other factors to be considered. The 
tonnage charged for as coal may equal that of pre- 
war, but the aggregate calorific value of that tonnage 
certainly is not ; and the losses due to higher ash 
content are not confined to the financial outlay 
involved in paying the price of good coal (and a 
much enhanced price, at that) for useless stone and 
shale. The effect is cumulative and affects practic- 
ally the whole productive regime of the coal user. 
The technical officers of the Ministry of Fuel and 
Power have done good work in improving the 
efficiency of coal utilisation, but it may be doubted 
whether the results do more than balance the detri- 
mental effects of the wi decline in the 
quality of coal. This decline is not to be blamed 
wholly, or perhaps at all, on the miners; it is 
probably inseparable from mechanical coal-getting, 
at least, until it is practicable to wash the entire 
output of every pit. where the coal is cut by machine. 
Poor quality, however, is not going to help the coal 
export market if and when a surplus is available 
for sale abroad ; and the same applies to any other 
export. Instead of complaining that other coun- 
tries want to exchange sterling for dollars, to the 
embarrassment of British economics, the Govern- 
ment (and industry, at all levels) would do better 
to inquire why other nations are not clamouring to 
exchange dollars into sterling. 





RAILWAY ACCIDENTS IN 
1946. 


THE causes of railway accidents may be grouped 
under three headings: those due to mechanical 
defect, human failure or to uncontrollable circum- 
stances, such as landslides or floods. Strictly speak- 
ing, accidents in the latter class could often be 
placed under one of the former headings ; it might 
be argued, for instance, that a derailment caused 
by a landslide was really due to, say, the defective 
design or maintenance of the sides of a cutting. 
A contention of this kind would, however, be unfair 
to the engineering and maintenance staffs of the 
railways. Layout and mechanical equipment are 
designed to meet norma] conditions, and to attempt 
to build up a system which could be guaranteed 
never to fail, even under the most exceptional 
circumstances, would probably be practically 
impossible and certainly would not be justifiable 
economically. In any case, the matter is of little 
more than academic interest, since of 1,237 train 
accidents on the railways of Great Britain in 1946, 
only 12 were due to snow, landslides or flooding. A 
far more potent cause of accidents which may be 
placed within the uncontrollable class is that due to 
animals straying on to the line. Of these, there were 
211 cases. Again, it might be argued, that this is 
evidence of defective fencing, but as, including 
sidings, there are 56,612 miles of railway track, it is 
not practically possible to ensure that nowhere, 
and at no time, shall a fence be broken. 

In considering the record of accidents on the 
railways of Great Britain in 1946, for which the 
official returns have just been published,* these 
fortuitous accidents may be ignored as they form 
so small a part of the total. As in earlier returns, 
the accidents and casualties are grouped under 
“train accidents,” ‘‘movement accidents,” and 
“*non-movement accidents.” The first group gets 
by far the greatest public attention, but it is not the 
major cause of death or injury either to passengers 
or railway servants. Train accidents caused the 
death of 34 passengers and 9 railway servants, but 
the corresponding figures for movement accidents 
were 86 and 227. Even for non-movement accidents 
the fatalities to railway servants, amounting to 32, 
were far greater than those due to train accidents. 
Movement accidents are those caused by the move- 
ment of railway vehicles, but which are not due to 
an accident to a train in service. The high figure 
for railway servants killed is due to the fact that 
shunting accidents and fatalities to men working 
on the line come within this class. Of the 86 
passengers killed in movement accidents, 35 fell 
out of carriages during the running of trains and 16 
fell from station platforms and were struck or run 
over by trains. The 32 non-movement accidents 
in which railway servants were killed included such 
cases as men working with cranes, or falling from 
ladders or scaffolds. r fatalities coming 
within this class numbered 3, but no less than 1,035 
were injured by falling on steps or escalators, or from 
platforms. Doubtless most of these cases of injury 
were of a minor nature; 166 of them occurred on 
the escalators of the London Passenger Transport 
Board, equivalent’to one injury per escalator per 
annum. 

Taking the accidents as a whole, by far the greater 
number were due to human failure, and it is only 
in the class listed as train accidents that mechanical 
failure was an important factor. In view of labour 
and material shortages, which necessitated keeping 
plant in commission after it should have been 
renewed, it was to be expected that mechanical 
defects would show a tendency to rise. This 
expectation was fulfilled, and the total cases of 
failure of rolling stock or permanent way was 5,162, 
as CO: with an average of 4,149 for the years 
1935 to 1939. No effective comparison can be made 
with the war years, as during that period only 
accidents or failures involving more than three hours 
delay, or serious injury, were reported. The general 
position with regard to renewals and repairs is 
summarised by Lieut.-Colonel Mount in the conclu- 

* Accidents which Occurred on the Railways of Great 
Britain during the Year 1946. London: H.M. Stationery 
Office. [Price 9d. net.) 








sion to his report. He states that “little, if any, 
headway was made in overtaking arrears of main. 
tenance or in replacing rolling stock, and it was 
broadly a case of continuing a policy of make do 
and mend.” He adds, “there was some reluctance 
during the latter part of the year to undertake 
week-end work.” A policy of this kind will not 
facilitate the maintenance of a first-class track nor 
help towards the elimination of failures. 

Accidents due to human oversight, carelessness, 
or the ignoring of safety rules are almost uncontrol- 
lable, and it is mainly in the sphere of train accidents, 
of which material failure was responsible for 711 out 
of the total of 1,237, that improved maintenance 
and supplies might be expected to show a reduction, 
Anepitome of the general state of affairs is furnished 
by the record of the 12 train accidents which were 
the subject of formal inquiry. Six of these were 
collisions in which passenger trains were concerned, 
one a collision of two empty trains and five derail. 
ments of passenger trains. Brief particulars of 
11 of the inquiries are given. Four of these 
were derailments and occurred at Hatfield, Catford, 
Marshmoor and Byfleet. In all cases the accident 
was due to track defects, although some of the 
defects had probably been accentuated by extremely 
wet weather. In two of the accidents it was sug- 
gested that the type of locomotive used was over- 
sensitive to track i ities. In spite of this, it 
would appear that if the track had been in first-class 
condition the derailments would not have taken 
place. This is entirely a matter of maintenance and 
replacements, and’ as Colonel Mount states that 
during the year “arrears in renewals of rails on 
running lines increased to some 400,000 tons and 
of sleepers to 10 millions,” it is clear that there is 
“little hope . . . . of a return in the near future to 
pre-war standards of high-speed operation, for 
which British Railways have been such an efficient 
instrument.” 

The four derailments may be placed in the 
mechanical-failure class; but the causes of the 
seven collisions, of which some particulars are given, 
involved, in most cases, both the human and mecha- 
nical elements. The accident at Browney, on the 
London and North Eastern Railway, in which ten 
passengers were killed and 25 passengers and four 
railway servants injured, was almost entirely of a 
mechanical nature. A wagon drawbar failed and a 
freight train became divided at the top of a long 
falling gradient. The signalman ahead stopped the 
leading part of the train, hoping that a rising 
gradient, following the fall, would stop the rear 
portion. The two sections, however, collided and 
the wreckage lowered the signal for an approaching 
express passenger train which ran into the wreckage. 
The primary cause of this accident was the breaking 
of the wagon coupling, and although such an event 
will not usually have such tragic consequences, it is 
noteworthy that failure of coupling apparatus was 
the cause of 4,299 accidents during the year. 

Of the other collisions, that at Edgware, when 4 
tube train ran into the buffer stops, was due to 
illness of the motorman, and must be rated as for- 
tuitous. The accident at Lichfield, when 2 
passengers were killed, was due to frost jamming 
the bolt securing the points over which an approach- 
ing fish train should have been diverted to avoid 4 
passenger train standing in the station. The 
accident was not purely mechanical, however, as it 
was concluded that the signal controlling the fish 
train stood at danger, but that the driver did not 
ohgserve it. The Potters Bar accident, in February, 
did not involve any mechanical feature — _ due 
to signalling error or misjudgment. e collision 
at Mottingham, on the Southern Railway, fell 
within the same class, and the same thing applied 
to the Stafford accident, when an express train ran 
into the rear of a local train standing at the station 
owing to the signalman having failed to satisfy 
himself that the leading train had left the section. 

Both the numbers of and railway 
servants killed and injured as a result of movement 
accidents were higher in 1946 than the average for 
1935 to 1939. The passenger figures showed a fall 
from the average of the war years 1940 to 1945, 
but those for railway servants did not, This 
decrease in the case of passengers may be explained 
by a fall in the total number carried. 
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NOTES. 


Tae Army APPRENTICES SCHOOL AT 
ARBORFIELD, BERKSHIRE. 


Tue Secretary of State for War, the Rt. Hon. 
F. J. Bellenger, inspected the boys and took the 
salute at a parade at the Army Apprentices School, 
Arborfield, Berkshire, on Tuesday, August 19, 1947. 
Boys enter the school at about 14} years of age for 
three years, and are trained in one of six trades. 
Fitters do general fitting, including gun fitting ; 
armourers are trained in repairs to small-arms and 
mortars ; electricians are given a varied training ; 
vehicle mechanics do motor-vehicle and tank work ; 
instrument mechanics are trained on fire-control 
(gun) instruments ; and telecommunication mecha- 
nics receive basic training for radio and radar 
work. In addition to workshops for each of these 
trades, there are also a well-equipped machine 
shop, blacksmiths’ shop and carpenters’ shop. The 
syllabus includes a general education, the proportion 
of which is gradually reduced during the three years, 
as the boys specialise in their trades. Entry is by 
competitive examinations held twice a year, and 
the object of the course is to train boys to the Army 
Class IIT standard in their trade. The workman- 
ship, especially in fitting and turning, of which many 
examples were on view to visitors, is of a high 
standard ; and certain trades unions recognise the 
training as equivalent to a civilian apprenticeship. 
The prospects for the boys are those of non-com- 
missioned ranks, principally in the technical arms 
of the service, such as the Royal Engineers and the 
Royal Electrical and Mechanical Engineers, but 
any boy with the necessary aptitude can aspire to, 
and will receive every inducement to reach, com- 
missioned rank, by qualifying for the Royal Military 
Academy, Sandhurst, or the Royal Arsenal and the 
Polytechnic, Woolwich. In the latter case, the 
successful boys enter for a B.Sc. (Eng.) Honours 
Degree of London University, or for a National 
Diploma, and qualify for a commission in a technical 
arm. The school will accommodate 1,020 boys, 
and very nearly this number were on parade with 
their own band and the band of the 7th (Queen’s 
Own) Hussars, for the visit of the Secretary of State. 
After the parade, the Commandant, Colonel C. E. M. 
Grenville-Grey, presented his report for the past 
school year, in the course of which he remarked that 
eight of the boys had been successful in the scholar- 
ship for the Woolwich Apprenticeship scheme. Mr. 
Bellenger then presented the prizes, and spoke of 
the work of the school. There are three otherArmy 
Apprentices Schools, at Harrogate, Taunton, and 
Chepstow, and he said that, unfortunately, the 
latter would have to be moved to make room for the 
proposed Severn Bridge. It was an ill wind that 
blew nobody any good, however, and it was possible 
that the Chepstow School might remain in its present 
location for some time yet, if the threatened reduc- 
tion of capital works should occur. Mr. Bellenger 
said it was the Army Council's intentior to provide, 
at the schools, academic and technical training of a 
high standard, which would compare very favour- 
ably with the best that was being provided by 
civilian firms. Although the future regular Army 
might be small, it would be well-equipped and effici- 
ent, and the work of these boys would become more 
vital as the Army was increasingly mechanised. 
He hoped that many would complete their full term 


of service in the regular Army to qualify for a| yards 


pension, but whenever they sought a job in civilian 
life, he was sure they would find themselves well 
trained for it. 


Nava ENGINEERS. 


On Friday, August 15, active-service and retired 
engineer officers of the Royal Navy, under the 
presidency of the Engineer-in-Chief, Vice-Admiral 
(E) D. C. Ford, C.B., C.B.E., held their first annual 
dinner at the Royal Naval Engineering College, 
Keyham, which, since 1880, has been the home of 
engineer students and their successors. Together 
with the new Royal Naval ineering’ College, at 
Manadon, on the outskirts of Plymouth, Keyham 
College forms part of the establishment now known 
officially as H.M.S. Thunderer, of which Captain (E) 
F. V. Stopford is in executive command. The 





dinner, an enjoyable informal affair, was served 
in the main dining hall, in which are to be seen the 
memorial tablets to the engineer officers who fell in 
the war of 1914-18. Built in 1879-1880, the 
college has been added to and altered many times, 
but it has long been recognised that larger and more 
modern premises with better educational environ- 
ment were badly needed. Some years ago, there- 
fore, the estate at Manadon was acquired and plans 
drawn up for the housing and training of all engineer 
and air-engineer officers. The dining hall at 
Keyham was obviously the most appropriate place 
for an annual reunion but, unfortunately, it was 
not nearly large enough to hold all those who wished 
to be present, and many had to be disappointed. 
Despite the claims of Keyham, we shall not be 
surprised if, eventually, it is found advisable to 
transfer this function to London, for reasons of 
transport as well as of accommodation ; a solution 
which would not be inappropriate, for London 
engineering firms—the names of Maudslay and Field, 
Rennie, Penn, Humphrys and Tennant, Yarrow, 
and Thornycroft come at once to mind—provided a 
large part of the Nevy’s propelling and other machi- 
nery from the early days until the close of the 
Nineteenth Century. 


ELECTRIFICATION OF MANCHESTER-SHEFFIELD LIN . 


The London and North Eastern Railway Company 
announce that, with the approval of the Ministry 
of Transport, they are to resume the work of elec- 
trifying the Manchester-Sheffield main line. The 
scheme was well in hand and all the principal 
contracts had been placed before war broke out in 
September, 1939, but the work was then suspended. 
The first 1,870-h.p. mixed-traffic electric locomotive 
for the line was completed at the Company’s works 
at Doncaster, however, and it underwent trials on 
the Manchester-Altrincham electric line in the 
autumn of 1941. Some minor modifications were 
carried out and the locomotive has recently made 
further successful trial runs on the same line. The 
electrification scheme includes the main line, and 
the lines from Barnsley Junction to Wath-upon- 
Dearne, and from Fairfield to Trafford Park and 
Manchester Central, the total length being 75 route 
miles or 300 track miles. The main line is one 
of the most difficult to operate in this country, due 
to the severe gradients and dense traffic. Near its 
summit, which is 943 ft. above sea-level, it passes 
through the Pennine ridge by the Woodhead tunnel. 


The tunnel, the fourth longest in Great Britain, is. 


over three miles in length, and Parliamentary 
powers were recently obtained for constructing a 
double-line tunnel paralle] to the existing tunnels. 
Ventilation of the tunnels has always been difficult, 
and electrification will eliminate this trouble and 
the damage to the lining due to fumes. The density 
of traffic through the existing Woodhead tunnel is 
nearly 100 trains daily in each direction, and electri- 
fication is expected to increase the capacity of the 
line about 25 per cent. At present, about six out 
of every ten trains are conveying coal. The 
electrification scheme will employ the overhead-line 
system and direct current at 1,500 volts will be used, 
this being the higher-voltage standard system autho- 
rised by the Ministry of Transport. It is suitable 
for both main-line locomotives and multipte-unit 
trains, and is convenient in dense traffic areas where 
the maintenance of the permanent way is hampered 
by the traffic, and where there are many goods 
. A similar system has been used on the 
Manchester-Altrincham line for the past sixteen 
years, and is now being installed on the main and 
suburban lines of the L.N.E.R. from Liverpool 
Street and Fenchurch Street to Shenfield. Electric 
locomotives for the Manchester-Sheffield line will 
be fitted with electrically-heated boilers for train 
heating. A suburban service will be operated 
with multiple-unit trains between Manchester 
(London Road), Hadfield and Glossop. Main 
repair shops and running sheds will be provided 
at Levenshulme, six miles from Manchester, and 
there will be two smaller running sheds, one at 
Darnall near Sheffield, and the other at Wath. The 
scheme will cost about six million pounds and will 
take four years to complete. Train services will be 
accelerated, and it is estimated that about 100,000 
tons of coal per annum will be saved. 





LETTER TO THE EDITOR. 


THE NATIONAL CRISIS. 
To THE Eprror oF ENGINEERING. 

Sm,—The immediate situation with regard to 
the production of manufactured goods is obviously 
serious, as the newspapers and the posters constantly 
remind us. I therefore offer the following sugges- 
tions as combining a maximum expectancy of in- 
creased output with a minimum of interference with 
the liberty of the subject, the general idea being that 
pious hopes must now be replaced by positive action. 

Hours.—The first requisite is that the 48-hour 
week must be re-introduced ; and by enactment, so 
as to remove the responsibility for the increase from 
the employers. This is intended to mean that any 
weekly working period under 48 hours is to be made 
illegal except in cases of public or annual holiday 
or shortage of materials, such undertime being 
certified as by the Ministry of Labour. 
To allow of efficient “staggering,” these hours 
should be spread over a five-day week. It is not 
suggested, of course, that the new longer hours 
should be paid at the existing shorter-hours rate, 
but that the rates should be adjusted to cover the 
new hours and should be made retrospective. 

Staggering.—This is a badly-used term and under 
present conditions seems difficult of satisfactory 
attainment. This country is broadly organised on 
a work-by-day and sleep-by-night system, with an 
interval for recreation sandwiched in between, and 
drastically to alter these national characteristics 
must introduce grave difficulties. For example, an 
early-and-late shifts system requires additional staff 
for transport and recreation, to quote two items 
only, and whence are they to be obtained? On 
the other hand, provided that the day “off” is 
staggered round the area, none of these difficulties 
would arise with a five-day week; the cherished 
Saturday afternoon would have to be sacrificed five 
times out of six, but even this might be considered 
preferable to actual want. 

Absenteeism.—This can reasonably be described 
as ‘‘ undertime ” and the wages of absentees should 
be deducted for it at exactly the same rate as for 
overtime pay; that is, at time-and-a-quarter for 
the first two hours, time-and-one-half thereafter, 
etc. This again would have to be done by legal 
enactment. Irrespective of the ownership, a factory 
invariably loses more by absenteeism than the actual 
wage-cost saved from the absenteé ; his proportion 
of factory overheads has to be carried by his work- 
mates, an expensive machine-tool may be rendered 
idle, a whole assembly or production line may be 
held up, etc., etc. 

** Tuxury”’ Trades.—A new and official definition 
of this much used term is overdue so that, among 
other considerations, uncertainty may be removed 
from a large class of manufacturers who, to say the 
worst of them, are merely fulfilling a public demand. 
The old implication of something expensive, with a 
possibly exotic flavour, in use by a favoured few, 
has no real reference to questions of economy of 
labour, which requires a definition covering some- 
thing in use or enjoyment by millions—football 
pools, or cosmetics. 

Displaced Personnel.—Mr. R. R. Stokes, M.P. in 
a letter to the Daily Herald of August 13, wrote 
that a million of these displaced persons are required 
to make up the British labour force and that, of 
the 20,000 already here, nearly half are idle. “A 
miserable achievement,”’ he called it, and so it is. 
He added that “it is salutary to remember that, 
if we don’t let them work, we shall merely reduce 
our own standard of living still further.” The 
general reply to this is to bring them over ; possibly 
on annual contract, renewable if agreeable to both 
parties. If our own workpeople have so far for- 
gotten the brotherhood of man as to refuse to’ work 
beside them, they could be segregated in selected 
mines and factories. As Mr. Stokes said in his 
letter, there is no solution in pettifogging restrictions ; 
what is wanted is more effort of a positive kind. 

Yours faithfully, 
, .. J. G, B. Sams, 
47, Victoria-street, London, 8.W.1. 
August 18, 1947. 
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BABBITT ALLOYS FOR 
PLAIN BEARINGS. 


By P. G. Forrester, M.Sc. 


A WIDE range of alloys has been used, or suggested 
for use, in plain bearings, and the choice of the most 
suitable alloy for a given application is a problem 
constantly before designers. In the present article, 
the fundamental requirements of a bearing alloy are 
considered in the light of recent investigations. 
These show that Babbitt and similar alloys have 
considerable advantages from a frictional point of 
view, in that they delay the breakdown of fluid 
lubrication and reduce damage to the bearing sur- 
faces when such breakdown does occur. In some 
applications it is necessary to adopt alloys with 
superior mechanical rties, but this involves 
some sacrifice of frictional properties. Before 
turning to such alternative alloys, it is therefore 
worth while to ensure that the utmost possible 
performance is being obtained with Babbitt. With 
this object in view, the later part of this article is 
devoted to a consideration of the factors upon which 
optimum performance depends, namely, choice of 
Babbitt composition, bearing design and lining 
technique. 

In a perfectly designed bearing, working under 
ideal conditions, the two surfaces would always 
be separated by a complete film of lubricant, no 
metallic contact ever occurring. In practice, 
however, in almost all bearings some degree of fluid- 
film breakdown, resulting in boundary friction, is to 
be expected. The characteristics required of a 
bearing alloy are that it should prevent, or at least 
delay, the breakdown of fluid lubrication and facili- 
tate its re-establishment as much as possible, and 
that it should reduce to the minimum the damage 
done to the surfaces when such breakdown does 
eccur. 

The frictional characteristics of a journal bearing 
may be expressed conveniently by plotting the 
coefficient of friction against the dimensionless 
parameter =, in which Z is the viscosity of the 
lubricant, N is the speed, and P the bearing pressure. 
Numerous experiments have shown that there is a 


continuous fall in the coefficient ss =~ is reduced 


until a certain value is reached. If ~~ is reduced 
beyond this value, there is a rapid rise in the 
coefficient due to the partial breakdown of fluid-film 
lubrication. Consequently, bearings are normally 
designed to operate at a value of —~ above that 
corresponding to minimum friction. For a given 
design of bearing the value of ~~ which gives 
minimum friction upon the material, the 
value for Babbitt being considerably less than for 
bronze* or for -lead.t Thus the use of 
Babbitt enables fluid-film conditions to be main- 
tained under conditions where bronze or copper- 
lead would be subject to “ boundary ” friction, with 
consequent wear and greater power loss. This 
property of Babbitt enables a bearing to be designed 
to operate with less friction with a given factor of 
safety ; or for a given design of bearing it reduces 
the range of operating conditions under which 
* ” friction occurs. Almost all bearings 
must pass through such a range of conditions at 
times (as, for instance, when starting or stopping) 
and the use of Babbitt reduces the time within 
this range and so reduces the amount of damage 
to the surfaces and the loss of power through 
boundary friction. 

This property of the softer bearing alloys is 
commonly attributed to their “ conformability,” 
which. allows the shaft to bed into the bearing and 
corrects departures from perfect alignment. This 
eonformability allows a large area to be established 
in which the fluid film is of relatively uniform 
thickness and hence provides high load capacity. 


* Stribeck, Zeitschrift des Vereins deutsche Ingenieure 
(1902), vol. 46, page 1341. 

t S. A. McKee and T. R. McKee, Trans. A.S.M.E., 
vol. 59, pages 721-724 (1937). 








In addition to this large-scale conformation of bear- 
ing to shaft, a local detailed conformation can occur 
with soft metals, which also assists in maintaining 
fluid-film conditions. This has been shown by 
the present author* by means of an apparatus which 
measures the friction between a hemispherically- 
ended slider and a flat plate. These tests showed 
that for @ series of homogeneous tin-antimony 
alloys the capacity for fluid-film formation decreases 
almost linearly with increasing hardness. The 
softer bearing alloys also assist in the maintenance 
of fluid lubrication by reason of their ‘‘ embed- 
dability ” or capacity for embedding particles of 
grit, which would otherwise cause fluid-film break- 
down. 

It is generally recognised that the two surfaces 
of a bearing should differ as much as possible in 
hardness, and should preferably be of entirely 
different metals or alloys. There are sound theoreti- 
cal reasons for this requirement. When two surfaces 
slide together with no lubricant film between them, 
local welds form at points of contact, and these 
welds may have a strength greater than that of the 
basis materials, a fact demonstrated by Hardyt 
and by Bowden, Moore and Tabor.{ The latter 
authors showed oblique sections of the tracks made 
by a steel slider on steel and a copper slider on steel, 
demonstrating a marked difference between the 
two cases. The steel surface traversed by a steel 
slider showed deep channels torn in it and also 
consisting of metal picked up from the slider. Thus 
both surfaces suffered damage, a consequence which 
might be expected to occur when strong welds are 
formed between similar surfaces, for fracture is 
equally likely to occur in the material of one surface 
as in that of the other. On the other hand, the steel 
surface traversed by a copper slider was much less 
affected. Fracture generally occurred either at the 
junction of the two metals or in the weaker material, 
namely, the copper. These experiments imply, 
and practical experience confirms, that entirely 
different consequences may follow from the sliding 
together (with imperfect lubrication) of surfaces, 
according to whether the surfaces are of similar 
or very different hardness. If they are of similar 
hardness, the roughness projections on each surface 
cut and score the opposing surface, so that both 
surfaces tend to become steadily worse and rapid 
wear occurs. With surfaces of very different 
hardness, damage is largely confined to the softer 
surface. As running continues there are two 
opposing factors. The softer surface is being 
continually torn and roughened by metallic contact ; 
it is also being continually smoothed by plastic flow 
under the pressure applied by the relatively smooth 
hard surface. With moderately good lubrication 
the latter process predominates and the bearing 
“ee runs in.” 

Since there is a practical limit to the hardness of 
one surface, it is clearly an advantage to have the 
other surface as soft as possible consistent with 
other requirements. For rather similar reasons to 
those outlined above, it is also of advantage to have 
surfaces of considerably different melting-point. 
A low melting-point in one material allows relief of 
local high pressure to take place by instantaneous 
melting, without causing thermal destruction of 
the lubricant in that neighbourhood. A third factor 
which reduces damage when film breakdown occurs 
is a high thermal conductivity, which reduces local 
high temperatures and consequent loss of lubricant 


viscosity. 

The load which can be carried by a bearing is 
limited by three requirements. Firstly, that, 
under normal conditions, the bearing must operate 
within the range of stable lubrication; secondly, 
that the equilibrium temperature reached must 
not exceed a given value ; thirdly, that the bearing 
alloy must not fail by general deformation or by 
fracture. The condition for stable lubrication is 


that the parameter ~~ (viscosity x speed —- load) 
must not be less than a certain value. This value, 


which must be determined empirically, depends on 
the bearing metal, the surface finish and the lubri- 
cant, but, as McKee* points out, since the viscosity 
of the lubricant depends upon temperature, the 
balance between heat production and heat dissipa- 
tion must be taken into account in deciding the 
permissible operating conditions of a bearing. On 
the basis of experimental. results, McKee obtained 
a curve relating maximum permissible load with 
speed. At very low speeds, permissible load rises 
with speed, but over most of the range, increase of 
speed decreases the permissible load. At very high 
speeds, maximum allowable temperature becomes the 
imiting factor 


Thus, considerations other than the strength of 
the bearing alloy limit the load-carrying capacity 
of a bearing, and the limit set is reduced as velocity 
is increased. When Babbitt alloys are supported 
by being rigidly bonded to a shell of a stronger 
metal, their effective compressive strength reaches 
the limit set by considerations of effective lubrication 
over a large part of the velocity range. In this 
range, which covers the majority of engineering 
applications, the possibility of failure by spreading 
does not limit the application of the softer bearing 
alloys. Where rubbing speeds are low, however, 
effective lubrication is possible at greater loads 
than the softer bearing alloys can withstand. If 
space and weight are important and good lubrication 
is possible, the good frictional qualities of soft 
alloys will then be sacrificed for the sake of higher 
specific loading. An example of this is connecting- 
rod small-end bearings. Where space and weight 
are less im and good lubrication difficult 
to obtain, the possibility of high specific loading is 
sacrificed and soft alloys are used, the load being 
kept within a suitable range by ensuring that the 
bearing area is sufficiently large. Railway-wagon 
bearings afford an example of this. 

It has been noted that, in most cases, the pos- 
sibility of failure by spreading under the compressive 
stresses applied by the load does not prevent the use 
of relatively soft bearing alloys. A more serious 
limitation to their use is their tendency to “ craze,” 
i.e., to develop a pattern of cracks after a long or 
short period of service. So far as the author is 
aware, no case of such cracking under truly steady 
load has been reported. The occurrence of cracking 
is normally limited to bearings subjected to large 
cyclical loads, notably the big-end bearings of 
internal-combustion engines. Crazing has been 
reported in a railway-wagon bearing, but here also 
the loading is variable, though in a random rather 
than a regular manner. The appearance of the 
cracks, together with the fact that they only occur 
under fluctuating load, make it almost certain that 
they constitute a form of fatigue failure. The 
stress mechanisms involved have been the subject of 
much discussion ; reviews of the various hypotheses 
have been published by Macnaughtant and by 
Forrester and Chalmers.{ When fatigue failure is 
experienced, three alternatives are possible. First 
to improve, if possible, the design of the bearing 
or the manufacturing technique ; secondly, to use a 
thinner lining; thirdly, to use a more fatigue- 
resistant alloy. In border-line cases an alternative 
alloy of the same type may serve, but in others 4 
stronger type of alloy may be necessary, involving 
sacrifices in other directions. 

We have seen that a bearing alloy should possess 
a yield-stress sufficient to prevent general deforma- 
tion, but low enough to allow local deformation, 
and that this should be combined with a fatigue 
resistance which is as high as possible. Other 
requirements of a bearing alloy are as follows. 
(1) The alloy should have good casting and melting 
properties, and should bond readily to steel or other 
basis material. (2) Changes in operating tempera- 
ture should not result in too great a departure 
from optimum hardness; or reduction in fatigue 
stre (3) The alloy should have good resistance 
to wear under the conditions imposed in a journal 
bearing. It must be noted that wear resistance is 
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not an absolute property of a material or a pair 
of materials, but one which depends very much on 
factors such as temperature, lubricant, presence of 
abrasives and surface geometry. A number of 
machines have been designed for wear testing 
(Tichvinsky* has made a detailed survey of such 
apparatus), but results obtained on these machines 

are likely to be very misleading unless all the 
properties of the materials are taken into account. 
Comparisons between different alloys as regards 
wear are best made, therefore, on the basis of 
journal bearing tests or observations of behaviour 
in service. (4) The alloy must have adequate 
resistance to corrosion by the lubricant. Corrosion 
results in an increase in clearance and possibly a 
roughening of the bearing surface. If one phase 
only of an alloy is attacked (such, for instance, as 
the lead particles in copper-lead), corrosion results 
in a general weakening and affects adversely the 
bearing properties. The corrosive agents most 
likely to be present in ordinary circumstances are 
the acidic oxidation products of lubricants, which 
are always likely to occur unless the lubricant is 
specially treated. In particular cases tle bearing 
may be required to resist other corrosive agents, 
such as sea-water. (5) Another requirement still 
regarded by many as essential to a good bearing 
alloy is that of having a two-phase structure, 
consisting of hard particles in a soft matrix. This 
question is now a matter of considerable controversy; 
the hard-particle hypothesis cannot be regarded as 
disproved, for the only single-phase material which 
has given satisfactory service in a heavily-loaded 
bearing is pure silver, and this has been reportedt 
to be liable to. sudden seizure at quite low loads 
after running satisfactorily at higher loads. 

The Babbitts, which are considered in detail in a 
later section, range in composition from 90 per cent. 
or more of tin with no lead to 80 per cent. of lead 
and less than 5 per cent. of tin. Antimony is always 
present as a hardening element, and usually copper. 
The properties, of course, vary considerably with 
composition, but all are sufficiently soft to give 
excellent conformability and embeddability (and 
thus good fluid-film forming properties). They 
are easily cast, and, with certain simple precau- 
tions, can be bonded rigidly to steel or bronze. 
They run quite satisfactorily against a soft-steel 
shaft and corrosion troubles are practically non- 
existent. The limitations of this class of alloy are 
liability to spreading under high steady loads, or 
to c under high fluctuating loads. These 
limitations apply more particularly at higher 
temperatures, for increase of temperature from 
20 deg. to 150 deg. C. about halves their strength. 
By suitable design of the bearing assembly a 
properly-chosen Babbitt alloy can be made to give 
satisfactory service in all but the most stringent 
conditions. 

The alkali-hardened lead class of alloy has been 
developed as a substitute for high-tin alloys for 
economic and strategic, rather than technical, 
reasons. Several such alloys are referred to in the 
literature, of which the two best-known are Satco 
(composition given as 1-5 per cent. to 2 per cent. tin, 
0-50 per cent. to 0-75 per cent. calcium, remainder 
lead, with traces of aluminium, lithium, mercury and 
other metals){ and Bahnmetall (composition given 
as 0-6 per cent. sodium, 0-7 per cent. calcium, 0-04 
per cent. lithium, remainder lead).§ The mechanical 
properties of these alloys at room temperature are 
of the same order as those of the high-tin Babbitts, 
though, having a higher melting point, they retain 
these properties better at elevated temperatures. 
A number of comparisons of the respective running 
properties of lead-alkali and tin-base metals have 
been recorded. The results are contradictory, but 
the balance of evidence is in favour of the tin-base 
alloys. The alkali-hardened lead alloys have three 
major disadvantages. They require very careful 
control of melting and casting conditions, they may 
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change considerably on re-melting, and they are 
subject to corrosion. They must, therefore, be 
regarded as special materials suitable only for certain 
applications in which manufacture and service con- 
ditions can be closely controlled. 

Similar ih structure to the tin- and lead-base 
Babbitts are the cadmium alloys, of which the 
commonest are cadmium-nickel (containing about 
14 per cent. of nickel) and cadmium-silver (contain- 
ing about 2 per cent. of silver); other elements 
sometimes added are ium, copper and zinc. 
They are rather harder than the Babbitts, and so 
have rather less conformability, but are sufficiently 
soft to run satisfactorily against an unhardened shaft. 
Their great advantage over Babbitt is that they 
possess a higher fatigue strength, particularly at 
elevated temperatures, and hence carry higher 
alternating loads without failure by cracking. The 
cadmium alloys, however, are very liable to corrosion 
by lubricants. Corrosion may be restricted by 
careful choice of lubricant, though this necessity is 
clearly a considerable disadvantage, or by electro- 
depositing indium on to the surface and heat-treating 
to bring about diffusion. This process, of course, 
considerably increases the cost of the bearing. 
Thus the use of a cadmium alloy enables a bearing 
to be made which will stand a higher load than 
Babbitt, though at a considerable increase in cost of 
manufacture. 

Copper-base alloys containing either lead or tin, 
or both, provide a wide range of bearing alloys. 
The softest of these is copper-lead, containing little 
or no tin, and this material is most commonly used 
for fluctuating loads rather higher than tin-base 
bearings will normally carry. Copper-lead is harder 
and stronger than the Babbitts, and so has less con- 
formability and embeddability. It therefore re- 
quires a harder shaft than Babbitt, a hardness of 
about 300 Brinell being regarded as a minimum ;* 
in addition, more care in the avoidance of grit in 
the lubricant is required. These disadvantages 
must be regarded as inevitably associated with 
alloys which are stronger and more fatigue-resistant 
than Babbitt, but copper-lead introduces, in addi- 
tion, two specific disadvantages. First, great care 
is required in manufacture to avoid segregation ; 
secondly, copper-lead, like cadmium-base alloys, 
is subject to corrosion by lubricants. The lead par- 
ticles are preferentially attacked, so that the strength 
of the alloy is reduced and the frictional properties 
of the surface are impaired. Corrosion can be 
largely prevented by tin, lead or indium plating, or 
the use of special lubricants, and by avoiding high 
temperatures. 

When pure copper-lead has insufficient fatigue- 
resistance, tin is added in quantities of 1 to 3 per 
cent. This strengthens and raises the fatigue- 
resistance of the alloy (at some expense of con- 
formability) and also improves casting properties 
by reducing the tendency to segregation. Tin, in 
small amounts, does not improve the corrosion- 
resistance, for it enters the copper and not the lead, 
and it is the lead which is preferentially corroded. 
A recent development is the manufacture by powder- 
metallurgy of a copper-lead-tin alloy in which the 
tin is principally dispersed in the lead. This is 
achieved by using a lead-tin powder and offers a 
means of preventing preferential corrosion of the 
lead 


The hardest of the copper-bearing alloys are the 
tin-bronzes containing 10 to 18 per cent. of tin ahd 
up to } per cent. of phosphorus. Over this com- 
position range, the cast tin bronzes have a duplex 
structure consisting of hard particles in a softer 
and more ductile matrix. Their structure is thus 
analogous to the Babbitts, but the actual hardness 
of the matrix is much greater than that of the 
Babbitts. Their traditional use is for high loads 
and low speeds, and they require a hard journal and 
good alignment. Under these conditions they are 
unrivalled as bearing materials. Intermediate 
between copper-lead and tin-bronze are the copper- 
tin-lead alloys and copper-tin-lead-zinc alloys. 
These are inferior to straight tin-bronze in mechani- 
cal properties, but have rather more conformability 





* P. T. Holligan, paper read before the London Branch 
of the Inst. of Brit. Foundrymen (Foundry Trade Journal, 
vol. 76, pages 3-10, 31-35 (1945)). 





and the presence of lead reduces the damage result- 
ing from temporary lubrication failure. 

Aluminium alloys have attracted considerable 
attention for bearings, especially in Germany, but 
published results are rather contradictory. All the 
aluminium alloys require hardened shafts, and can 
be regarded as competing with bronze and lead- 
bronze rather than with Babbitt. Two general 
types of alloy have'been used. First, alloys with a 
structure consisting of hard particles of compound 
in a relatively soft matrix ; such alloys are said to 
be very sensitive to lubrication. Secondly, soft 
particles in a relatively hard matrix (analogous to 
copper-lead); an example of this type of alloy 
is the Rolls-Royce A.C.9, containing 4-6 to 7 per 
cent. of tin (depending on the application), together 
with smaller amounts of nickel, magnesium, copper 
and silicon.* 

Excellent properties have been claimed for pure 
silver, given a hard shaft, good alignment and very 
clean oil. Dayton{ reported that pure silver has, 
in general, greater seizure-resistance than copper- 
lead, but sometimes seizes at relatively low loads. 
This he attributes to lack of “ oiliness ” which can 
be avoided by the addition of lead. Mullint de- 
scribes the manufacture of silver-lead-indium bear- 
ings by electrodeposition. 

Zinc alloys have received attention from several 
investigators. Schmidt and Weber§ tested zinc 
alloys containing aluminium and copper, and con- 
cluded that, under sqme conditions, they might pro- 
vide a substitute for bronze. Gdler and Sachs 
and Melhuish,|| however, find that zinc alloys are 
prone to seizure, and regard them as being suitable 
only for moderate loads. 

Mention should also be made of cast iron as a 
bearing material. Cast iron has, of course, prac- 
tically no embeddability or conformability, but 
graphitic cast irons have the advantage of forming 
a graphite film over their surface, which gives self- 
lubricating properties. It is probably this graphite 
film which confers upon cast iron the ability, 
probably unique among bearing materials, of being 
able to run satisfactorily against itself. 

(To be continued.) 





TRAINING IN PHOTO-ELastTiciry.—The photo-elastic 
laboratories at University College London, Gower-street, 
W.C.1, are re-opening during the coming session. Two 
courses of lectures and laboratory training in photo- 
elasticity will be given in the Faculty of Engineering of 
the College during the session, at times to be arranged. 
The first course is a full one on the elementary theory of 
elasticity and the theory and practice of photo-elasticity. 
It is intended for students who wish to proceed to 
research work on the subject. The second course is a 
shorter one intended primarily for fourth-year and post- 
graduate engineering studerts, but is also suitable for 
physicists or mathematics students studying elasticity. 
Further particulars may be obtained from Colonel H. T. 
Jessop, T.D., M.Sc., at the College. 





DIESEL-ELECTRIC LOCOMOTIVES FOR THE SOUTHERN 
Rattway.—The Southern Railway Company announce 
their intention of building three Diesel-el tives 
for hauling main-line passenger trains at a maximum 
speed of 100 miles an hour. This conforms with the 
gradual elimination of steam locomotives, and their 
replacement by Diesel-electric, and electric locomotives— 
a policy which was an d by the G 1 Manager on 
October 31, 1946 (ENGINEERING, vol. 162, page 447 
(1946)). Each of the three new engines will develop 
about 1,600 h.p. They will be mounted on two eight- 
wheeled bogies, and six axle-hung motors will drive six 
of the eight axles. Each locomotive will weigh ap- 
proximately 120 tons in working order, and will be about 
62 ft. in length. A driver’s cab will be provided | at both 
ends, and it is hoped to couple two | tives 
to haul trains of 500 tons at express speeds, under the 
control of one crew. It is stated that construction 
of the locomotives will be started soon at the Company’s 
works at Brighton, and it is expected that they will be 
in service by the end of 1948. The Diesel-electric equip- 
ment will be provided by Messrs. English Electric Com- 
pany, Limited. ¢ 
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DR. J. FOSTER KING, C.B.E. 

Tr is with feelings of personal regret which will be 
very widely shared that we record the death, on 
August 11, at his home in Glasgow, of Dr. James 
Foster King, formerly chief surveyor of the British 
Corporation Register of Shipping and Aircraft. 
Dr. King was 85 years of age, but had been active 
until comparatively recently and, in spite of 
increasing deafness, participated with all his wonted 
interest in the joint meeting of the Institution of 
Engineers and Shipbuilders with the Institution of 
Naval Architects, held in Glasgow in the autumn of 
last year. 

Dr. King was born in Port Glasgow on May 9, 
1862, and received his general education at Glasgow 
High School. He served an apprenticeship to 
shipbuilding partly in the drawing office at the 
Kingston shipyard of Russell and Company, Port 
Glasgow, which is now owned by Messrs. Lithgows, 
Limited, and partly with John Reid and Company, 
also of Port Glasgow, with whom he served as an 
apprentice plater. On the completion of his 
apprenticeship, in 1882, he went to the drawing 
office of Earle’s Shipbuilding and Engineering Com- 
pany, Limited, at Hull, where he obtained experience 
of repair work as well as new construction; and 
thence, in 1884, to Messrs. Harland and Wolff, 
Limited, Belfast, where he was employed for nearly 
seven ing that time, the yard was 
engaged on the building of the famous White Star 
liners Teutonic and Majestic—the first liners to be 
designed from the outset for possible employment 
as auxiliary cruisers—and Dr. King was placed 
in charge of a special drawing office devoted to the 
design of these vessels, his responsibility including 
also the supervision of much of the work upon them 
in the shipyard. 

The British Corporation was established in 1890 
by a group of ship owners and builders who were of 
the opinion that existing practice in the general 
design of steel ships and the proportioning of 
scantlings did not take the fullest possible advantage 
of the advances that had been made in materials 
and technical knowledge. Their policy was, there- 
fore, essentially progressive and of a kind to appeal 
to the character and initiative that King, though still 
well under 30 years of age, had shown himself to 
possess. He joined the Corporation at its inception 
as principal surveyor and in 1904 became chief 
surveyor, the position which he continued to hold 
until his retirement in 1940, after 50 years’ service. 
As assistant to Professor P. Jenkins, the first chief 
surveyor, and then as assistant chief surveyor 
under Mr. W. T. Courtier-Dutton, who succeeded 
Professor Jenkins, King had ample opportunity 
to apply his mind and skill to the improvement of 
the structure of ships and to the basic principles 
underlying the assignment of freeboards, of which 
he made a special study. It can be safely said that 
the high repute of the British Corporation owes 
much to his work, the results of which were set 
forth in a number of papers which he contributed 
to the Transactions of the Institution of Naval 
Architects, the Institution of Engineers and Ship- 
builders in Scotland, and other societies at home 
and abroad. He took a prominent part also in the 
deliberations of the Bulkhead Committees of 
1912-15 and 1923-4, which led to the International 
Convention of 1929; and he was a member of the 
British Government delegation to the International 
Conferences on the Safety of Life at Sea, in 1929, 
and on Load Lines, in 1930. 

Dr. King was a member of very long standing— 
more than 55 years—in the Institution of Naval 
Architects, of which, after many years on the 
Council, he was made an honorary vice-president. 
He had completed a half-century also in the 
Institution of Engineers and Shipbuilders in Scot- 
land, of which he was elected an honorary member 
in 1941. On his retirement, the Management 
Committee of the British Corporation paid him the 
exceptional compliment of election to honorary 
membership of the Corporation. He received the 
award of the C.B.E. in 1920, and the University of 
Glasgow recognised his valuable work by the con- 
ferment of the degree of LL.D. 





STRESS-CORROSION CRACKING OF 
WELDED MILD-STEEL GAS MAINS. 


In the past few years the cracking of welded mild- 
steel gas mains and other plant used in coal-gas produc- 
tion has presented contractors and gas engineers with a 
serious problem, but it has been noted that failure has 
occurred only in the portion of the plant after conden- 
sation and prior to ammonia extraction. Fortunately, 
the total number of failures to be examined is not very 
great, and probably most of them have been recorded. 
It is emphasised that cracks have occurred solely inside 
gasworks, where welded mild-steel pipes are exposed 
to crude coal gas, and not in mains carrying purified 
coal gas inside or outside the works. Some twelve 
months ago, a brief statement relating to investigations 
on this problem was published. These investigations 
were being undertaken by a committee of the British 
Welding Research Association, 29, Park-crescent, 
London, W.1, on which there are representatives of the 
Gas Research Board and the British Iron and Steel 
Research Association, in addition to members of 
industrial and university research laboratories. The 
committee, which is termed the “ F.M. 9 Committee 
of the British Welding Research Association on the 
Cracking in Welded Mild-Steel Gas Mains,” feel that it 
is wise to publish tentative conclusions, at intervals, 
in order that interested parties may be aware of the 
progress of the work. Consequently, the position, as 
it is understood by the Committee at the present time, 
is summarised in the following paragraphs. 

It is pointed out; in the first place, that the stress- 
corrosion cracking of welded gas plant is a particular 
case of the general phenomenon of intercrystalline 
cracking, and data from other cases of intercrystalline 
cracking have been valuable in examining the present 
problem. The fact that welded-steel gas t is 
subject to stress-corrosion cracking indicates the 
combined presence of a state of stress in the steel and 
of a specific corrosive liquid medium. So far, there is 
no evidence to show that differences in welding tech- 
nique have influenced the incidence of cracking. In 
certain other cases of intercrystalline cracking met 
with in industry (which may or may not be ogous 
to the cracking of welded-steel gas mains), considerable 
benefit can be obtained by thermal stress-relieving 
processes, or by shot-blasting.. It is possible that the 
sglution of the problem of the cracking of welded gas 
mains may be found in one or other of these treatments, 
but it will probably be important to specify fairly 
accurately the method of procedure, since cases in which 
incorrect treatment of this kind have made matters 
worse are not unknown: Observations have suggested 
that the oxidation products of ammoniacal liquor 
constituents, such as ammonium thiocyanate, are an 
important factor in producing corrosion of this type. 

Field experiments, covering various types of steels 
and other factors, the Committee go on to say, have 
been instituted in gasworks in which failure has already 
been experienced. Many data have been obtained 
from accelerated laboratory tests which have been used 
as a guide in planning the field tests, but it is pointed 
out that results from these tests may not be precisely 
parallel with those from actual gasworks. The Com- 
mittee hope, however, that the field experiments, 
particularly in conjunction with laboratory work 
which is still proceeding, may give them further infor- 
mation on the chemistry and mechanism of the cracking, 
so that the conditions for establishing immunity will be 
more fully understood 





L.M.S. LOCOMOTIVE-BUILDING PROGRAMME.—The 
London Midland and Scottish Railway Company are 
building 150 locomotives this year. They comprise two 
standard class 7P, 4-6-2 passenger locomotives; 10 
more of the recently introduced class 2 F, 2-6-0 freight 
engines; 20 class 4F, 2-6-0 freight locomotives to a 
new design (all 32 of these engines will be built at Crewe) ; 
48° standard class 4, 2-6-4 mixed-traffic tank loco- 
motives to be built at Derby ; and 70 standard class 5, 
4-6-0 mixed-traffic engines, some of which will be built at 
Orewe, and the remainder at Horwich. The two class7 P, 
4-6-2 express locomotives will be equipped with roller 
bearings on all engine and tender axles. Thirty of the 
70 class 5, 4-6-0 mixed-traffic engines will differ from the 
standard design in the following respects: ten will have 
roller bearings and Walschaerts valve gear, ten will have 
roller bearings and Caprotti valve gear, and ten will 
have plain bearings and Oaprotti valve gear. Dynamo- 
meter-car tests, and comparisons of costs; will be made 
between these three batches of locomotives and a batch 
of ten existing standard class 5, 4-6-0 mixed-traffic 
locomotives which have plain bearings and Walschaerts 
valve gear. The Caprotti valve gears will be provided 
by Messrs. Associated Locomotive Equipment, Limited, 
Shrub Hill, Worcester, and the roller bearings by 
British Timken, Limited. Roller bearings for the 4-6-2 
locomotives will be provided by the Skefko Ball-Bearing 
Company, Limited. 





ANNUALS AND REFERENCE BOOKS’ 


The Colliery, Year Book, 1947.—The 25th annual 
edition of this year book, which also bears the additional 
title of Coal Trades Directory, has come to hand recently 
from the publishers, Messrs. The Louis Cassier Company, 
Limited, Dorset House, Stamford-street, London, 
8.E.1. As Mr. E. G. King, the Editor, states in his 
preface, the year 1947 marks the transfer of the coal- 
mining industry from private to State ownership and 
this has called for much thought in the preparation and 
revision of the year book. The colliery-directory 
section, however, has been retained, but it is headed 
“former” colliery owners of Great Britain. As 
might be expected, new features are a directory of the 
National Coal Board; a list of coal mines arranged 
alphabetically in divisions, areas and sub-areas ; a list 
of the mines licensed by the Board; and a reprint of 
the Coal Industry Nationalisation Act, 1946. Other 
familiar features of the book have been retained, 
namely, the statistical tables, Mines Regulations, 
index to individual pits, colliery who’s who, biblio- 
graphy of coal-mining literature, directories of gas- 
works, electricity-supply undertakings, coal merchants, 
and coal exporters and shippers, and also such chapters 
as a review of the industry in 1946 and a diary of the 
chief events during the year. Bound in its usual orange 
cloth covers, the price of the book is 25s. net. 


The British Iron and Steel Directory and The British 
Non-Ferrous Metals Di .—We have received 
from the publishers, the Metal Information Bureau, 
Limited, Princes House, 39, Jermyn-street, London, 
8.W.1, a copy of each of these convenient pocket-size 
directories. The books are up to date and compre- 
hensive guides to British producers and suppliers of all 
descriptions of iron and steel, in the one case, and of 
raw and semi-finished non-ferrous metals in the other. 
Both directories comprise a classified section in which 
particulars are given of a wide range of products and of 
the firms producing them and the merchants and agents 
supplying them. An alphabetical section is also included 
in each directory, and in this, a list of all the firms 
mentioned in the classified section is given, together 
with their cing and telegraphic addresses and tele- 
phone numbers. The directories are bound in stiff 
paper covers and the price of each is 5s., postage 
included. 

Lloyd’s Register of Shipping, 1947-1948.—All who 
have first-hand knowledge of the difficulties attending 
printing and publishing at the present time must 
regard Lloyd’s Register Book much as C. 8S. Calverley 
did the Decalogue—‘“ with respect, intermingled with 
awe”; it is rare, in any circumstances, to encounter a 
volume more than 4 in. in thickness, and we certainly 
know of no other reference book which maintains a 
higher standard of accuracy, typography and binding. 
Changes to be noted include a renumbering of the entries 
(which has been customary, to avoid confusion between 
a given issue and its immediate predecessor) and the 
insertion of entries in the supplementary sections in 
numerical order instead of the ifphabetical order which 
has been employed hitherto. Attention is drawn to 
the impracticability of ensuring up-to-date accuracy 
in references to ships under the Japanese flag; and, 
failing the receipt of more recent information regarding 
Esthonian, Latvian and Lithuanian ships, the particu- 
lars recorded in 1939 have been used. The record of 
nomina) horse-power (NHP) has been omitted from 
entries of v not classed with the Society; anda 
“‘ machinery numeral” (MN) takes the place of NHP 
in the case of classed ships. The Register Book is 
issued to subscribers at the price of 12 gns., this rate 
including the periodical supplements. Special rates 
apply to public institutions, and for copies “ posted ” 
in type. Inquiries should be addressed to Lloyd’s 
-_" of Shipping, 71, Fenchurch-street, London, 
E.C.3. 


Year Book of the Heating and Ventilating Industry.— 
This addition to the growing list of annuals and refer- 
ence books devoted to specific branches of the engineer- 
ing industry should be welcomed by the “ architects, 
cousulting engineers, surveyors and others who are 
continually in close contact with heating and ventilating 
contractors ” to whom (vide the rere it is addressed. 
It is published by Messrs. Technitrade Journals, 
Limited, Carlisle House, 8, Southampton-row, London, 
W.C.1, and has been compiled in collaboration with the 
Association of Heating, Ventilating and Domestic 
Engineering Employers. The first half of the book 
contains a number of articles on various divisions of 
the field covered by the title, the national agreement on 
working hours and conditions, and sundry other - one 
ments affecting the industry. The latter part of the 
book contains a list of the members of the Association ; 
a buyers’ guide, arranged alphabetically under the 
heads of the different types of plant and equipment ; 
and a list of trade names of proprietary products, with 


‘the names and addresses of the manufacturers. The 


book is published at the price of 5s., or, including 
postage, 5s. 6d. 
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HOLLOW-SPINDLE LATHE. 














Fie. 2. HEapsTock AND SaDDLE-ConTROL GEAR. 


AXELSON HOLLOW-SPINDLE 
LATHE. 


THE somewhat unusual lathe shown in Figs. 1 and 2, 
above, is known as the Axelson 25-in. hollow-spindle 
lathe, the proper name being that of the manufacturers, 
Messrs, Axelson Manufacturing Com , 6,160 South 
Boyle-avenue, Los Angeles, 11, ornia, U.S.A. 
The dimension of 25 in. is the nominal size, though the 
swing over the bed ways is 28} in., and that over the 
cross-slide 183 in. The hole through the spindle is 
exceptionally large, being no less than 104 in., so that 
long shafts up to this diameter can be handled in the 
lathe, as shown in Fig. 2, each end of the — is 
fitted with a chuck. The headstock spindle, however, 
can be arranged with a centre on an adaptor so that, 
in conjunction with the tailstock centre, the machine 
can be used as an ordinary lathe admitting work 38 in. 
long between the centres. The tailstock has a spindle 
4} in. in diameter which can be used either to take a 
centre or to accommodate a drill for end boring into 
work held in the headstock chuck. This operation is 
shown in progress in Fig. 1, the end of the being 
supported in a three-point steady rest. The tailstock 
spindle has an axial traverse of 16} in., a handwheel, 
arranged to give two different rates of movement, being 





employed for this traverse. The lathe is distributed in 
Great, Britain by Messrs. Metalmacs, Limited, Victoria- 
road, Willesden, London, N.W.10. 

The lathe bed is 10 ft. 10} in. long by 26 in. wide, 
with two pairs of inverted V-ways; the machine, how- 
ever, can ol supplied with any length of bed up to 
40 ft. The headstock is a single casting with a cover, 
and the spindle is of forged alloy steel, precision ground ; 
it is 20 in. in diameter at the nose, and is mounted 
in two sets of pre-loaded adjustable Timken precision 
tapered-roller bearings. The drive is from a 40-h.p. 
motor running on 400-volt, 60-cycle, three-phase 
current, mounted on a separate , a8 seen in 
Fig. 1. Transmission is by direct drive. All the 
spindle shafts are of heat-treated alloy steel and 
run in anti-friction bearings; those ts which 
carry sliding gears have integral splines, carburised, 
hardened and ground. The sliding are, of course, 
of the spur type, the rest of the gears have helical 
teeth. Lubrication is partly by a pump and partly 

splash, all the oil being passed through a laminated- 
te filter. es ee 
push-buttons can be seen on the right of the hi 
and on the left is a window showing the oil-level. Still 
farther to the left is a row of four levers, behind 
which is a plate marked with diagrams of the various 


settings to give different spindle speeds. There are 
16 speeds, ranging from 2-4 r.p.m. to 308 r.p.m., when 
the motor is run at 1,800 r.p.m. The plate is also 
marked with surface speeds in feet per minute for 
various diameters of work. The lever on the top of the 
head stock is the reverse lever which actuates the 
multple-plate forward and reverse clutches, the trans - 
mission to the clutches being through a flexible coupling. 
The clutches are synchronised with an automatic 
spindle brake ensuring rapid reversal. 

The gearbox for the screwing and feed changes can be 
seen in Fig. 2 below the headstock. The various move- 
ments are selected by three levers and a tumbler gear. 
There are 81 feed rates, ranging from 0-004 in. to 
0-30 in. per spindle revolution, while the lead screw 
provides for the cutting of 45 different pitches of 
standard thread ranging from 30 threads to 1 thread 
per inch. The plate seen above the tumbler gear gives 
both the thread pitches and the feed rates resulting from 
the different lever and tumbler combinations. The 
lead screw is 2 in. in diameter and has a two-start 
Acme thread. It is turned and ground before threading 
and is mounted in preloaded adjustable ball bearings at 
each end. The feed shaft is similarly mounted and is 
used for all work except threading, which operation is 
thus confined to the lead screw only. The saddle, to 
the right of Fig. 2, and seen carrying the steady rest in 
Fig. 1, has a compound cross-slide and is 38 in. long 
over the ways. The cross-slide has a traverse of 
16} in. and the tool slide a traverse of 9} in. and full- 
circle swivelling. A feature of the tool slide, not 
common in British practice, is the tilting of the travers- 
ing handwheel to an angle of 30 deg. to the horizontal 
to give adequate clearance of the cross-slide hand- 
traversing wheel. The large handwheel is for the 
longitudinal hand traverse of the saddle. The longi- 
tudinal and cross-feed automatic traverses are engaged 
by the two levers seen to the right of the main hand- 
wheel, these levers actuating cone clutches. Another 
lever reverses the direction of traverse of the feed 
independently of the direction of spindle rotation. The 
feeding and threading controls are interlocked, so that 
only one movement can be used at a time. All the 
apron mechanism, except the rack pinion and the split 
nut on the lead screw, are fully enclosed. The gears are 
of heat-treated alloy steel and the shafts are mounted in 
anti-friction bearings. The interior of the apron is 
formed with an oil bath, and an internal pump lubricates 
the mechanism, the saddle ways, the cross and tool 
slides, and the split nut, the latter receiving oil only 
when it is engaged. An adjustable dog automatically 
prevents the saddle from overrunning on to the 
headstock. 

Some of the features of the tailstock have already 
been referred to. The tailstock can be traversed along 
the bed, the movement being effected by a crank handle 
operating a pinion in mesh with the rack on the front of 
the bed. Any thrust away from the headstock, as in 
end boring, for example, is not taken by this pinion 
since there is a pawl at the rear of the tailstock which 
engages with a saw-toothed rack cast integrally with 
the bed. between the ways. There are locking bolts for 
both the tailstock and the spindle, and also for the 
cross-slide and tool slide. Regarding the general 
construction of the lathe, it may be mentioned that 
the sliding parts are all fitted with wipers for the ways in 
both directions. Adjustments consisting of tapered 
gibs are provided. There is a motor-driven coolant 
pump, as shown in Fig. 1, with an adjustable coolant 
nozzle; the coolant tray is of welded construction. 
The cross-slide is arranged so that a taper-turning 
attachment can be fitted if desired, the cross-slide 
screw being telescoped according to the degree of 
taper required. The whole slide mechanism is pro- 
tected from swarf and dirt. The length of taper 
turning that can be done at one setting is 24 in., and 
the maximum taper is 12 deg., included angle, that is, 
5 in. per foot length on the diameter. An accurate 
scale shows the taper, for which the attachment may 
be set for a particular job, both in degrees of arc and 
inches per foot. The machine is extensively employed 
in the United States in the manufacture of oil-well 
boring equipment. 





NEWSPRINT PAPER PRODUCTION, CANADA.—The pro- 
duction of newsprint paper in Canada during the period 
from January to May, 1947, totalled 1,837,760 tons. The 
output for the whole year 1946 aggregated 4,143,392 tons. 


EcoNOoMY IN THE USE OF OOPPER TUBES.—The 
Ministry of Supply has drawn attention to the need for 
economy in the weight of copper used in hot- and cold- 
water systems in buildings, and to the importance of 
using only copper tubes of the thicknesses stipulated 
in British Standard Specification No. 659-1944. Manu- 
facturers have been requested to discontinue, as from 
August 11, the production of any copper tubes intended 
for use in hot- and cold-water systems in buildings which 
do not conform to this specification. The Ministry of 
Health has issued a similar instruction to local authorities 








and water undertakings. 
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LABOUR NOTES. 


Mr. Isaacs, who, as Minister of Labour and National 
Service makes the new Control of Engagement ha ey 
“discussed its terms with representatives of the British 

Employers’ Confederation and representatives of the 
Trades Union Congress, at a meeting in London on 
Wednesday last week. The proposals were approved. 
The Order is to come into force on October 1, and will 
apply to men, aged between 18 and 50 and to women 
between the ages of 18 and 40, except in the case of 
women who have children of their own under 15 years, 
living with them. Married women without children 
under 15 years are included in the scope of the Order. 
It will apply to men and women in all industries, except 
dock workers and merchant seamen who are already 
covered by special arrangements governing their 
employment. 








Men and women employed in “a pnhoten. 
administrative, executive or managerial capacity ” 
excluded, and all demobilised ex-Service men an 
women will be exempted during the period of their 

id demobilisationleave. Part-time workers coast 
or not more than 30 hours a week will probably be 
excluded, and employers and owners of businesses will 
also be exemptéd. No change is contemplated in the 
existing Control of Engagement Orders applying to 
coal-mining, agriculture, and building, and employees in 
these industries will still be “ tied ” to their industries, 
although free to change from one job to another 
within their industry. Apart from mining, agriculture, 
and building, people covered by the new Order will be 
able to leave their present jobs when they like but they 
will have to apply for new jobs through a labour 
exchange. Similarly employers will have to engage 
employees—except for managerial or administrative 
staff—through a labour exchange. 





Advertising of vacant situations by employers will 
be restricted under the Order. There will be nothing 
to stop anyone advertising to say that he or she wants 
a job, but, if the type of employment comes within the 
scope of the Order, an employer will only be allowed to 
engage an applicant with the permission of a labour 
exchange. 





The meeting also discussed the question of longer 
working hours, and agreed to do what they could, to 
comply with the Government’s request for longer 
working hours in industries where this would help to 
increase production in dollar-earning or dollar-saving 
trades. They in general, with the Government’s 
ae for “ ghasinn ” the lengthening of hours, industry 

by industry, as fuel and raw materials became avail- 
able. 





The position of the negotiations between the National 
Coal Board and the National Union of Mineworkers 
on the subject of increasing working hours seems to be, 
at the time these notes are being prepared, critical. 
Mr. Attlee’s request was, it will be recalled, that the 
miners should work an extra half-hour on each day of 
the five-day week, but he indicated at the same time 
that the Government would be prepared to consider 
any alternative plan which the Miners’ Union cared to 
submit. Mr Lawther and his colleagues on the execu- 
tive committee of the union preferred, as an alternative, 
work on at least two Saturdays a month. At their 
conference last week, the Board and the mineworkers’ 
representatives appear to have discussed not only the 
general question but also the details of the longer work 
week alternatives and “failed to agree” to any 
substantial extent. 


The parties met again on Wednesday, this week, 
with Mr. Isaacs, the Minister of Labour and National 
Service as, presumably, conciliator, and today there 
will be a national delegate conference to hear a report 
on the negotiations by the executive. 





A French Manpower Commission has recommended 
@ series of measures to encourage women, to go to work. 
Among them are effective equalisation of men’s and 
women’s wages ; greater facilities for women to acquire 
and improve octupational skills; access to all posts 
including the highest; replacement of the single wage 
allowance by an equivalent family allowance, in addition 
to hn: normal family allowance; supply facilities 
(co-operatives, etc.) for women employees ; extension of 
services and, particularly, the provision of 
nurseries near to homes of women employees ; facilities 
for the study of needs and possibilities at the ocal level 
and the provision of the necessary funds immediately. 
The recommendations have been adopted by the 
Government. Av present, female labour accounts for 
37-7 per cent. of the total working force in France. 





According to a writer in Labour, a 


blication of 
the Trades Union Congress, general ~~ 


rtations ate 


not likely to solve Britain’s present critical economic 
problems. “ Workers on short time in industries 
starved of raw materials and at present appreciative 


of the nature of the difficulty are,” ony’, “ only likely 
to become soured by general appeals to work harder, 
par hae rth Vn Slr ag 
introduction of systems yment by results is only 
satisfactory in ipesteiee rie a there is an adequate 
supply of raw materials to the worker. Those who see 
in such methods the ‘ cure-all’ of all our present diffi- 
culties seem to ignore the fact that systems of payment 
by results have been operative over wide sections of 
British industry for the last 30 years at least. The 
crux of the question seems to be that an examination 
should be undertaken within each industry, and in 
association with those most closely concerned with the 
industry, of its requirements and potentialities.” 


A statement issued early last week by the Ministry 
of Labour and National Service showed that there had 
been a decrease of 13,000 in the total working popula- 
tion in June. This was accounted for by 8,000 men 
and 5,000 women. The total reduction since June, 
1945, was estimated at 1,492,000, but the total working 
population at the end of June, 1947, exceeded the 
figure at mid-1939 by 407,000. 





There were 91,000 in the police, civil defence, and 
fire services, leaving 18,360,000 actually employed in 
industry—an increase of 62,000 since the. Included 
in the total were 5,540,000 engaged in pA ware 
for the home market and 1,514,000 manufacturing 
goods for export. Those engaged for the home market 
increased by 25,000 during the month and those for the 
export market decreased by 8,000. The number of 
unemployed on July 14 was 255,546, compared with 
272,336 on June 16. The total was made up of 185,789 
men between the ages of 18 and 64, 4,536 boys between 
the ages of 14 and 17, 61,899 women between the ages 
of 18 and 59, and 3,322 girls between the ages of 
14 and 17. 


Of 151 disputes leading to stop; of work which 
began in the United Kingdom in June, 17, directly 
involving 1,000 persons, arose out of demands for 
increases in wages, 59, directly involving 8,600 persons 
out of other wage ions, 10, directly involving 
5,500 persons, out of questions as to working hours, 
28, directly involving 6,000 persons, out of questions 
respecting wainwoty tavelvt of particular classes or 
persons, 38, tne wllhing 19,800 persons, out of 
other questions ‘apecting working » and 
one, directly maps I 200 _ mae out of a question 





of trade-union principle toppages, directly 
involving 2,900 —— were in beet of employees 
involved in other disputes 





Of 148 stoppages of —- owing to disputes which 
ended in June, 56, involving 3,600 _ persons, 
wotedans meme dae eaeaieas 31, di involving 
4,300 persons, lasted two ym 15, directly involving 
4,000 persons, three days, 30, ct involving 
10,100 persons, four to six days, and 16, directly 
involving 1,600 persons, over six days. 





At a meeting in Newcastle-on-Tyne, on Wednesday 
last week, the General Council of the Confederation 
of Shipbuilding and Engineering Unions adopted a 
resolution unanimously declaring that to give effect to 
the smooth operation of the Government’s plans, and 
to enable full mobilisation of the population in solving 
the economic crisis, immediate discussions with the 
authorities concerned were essential to safeguard 
employees in regard to wages, full employment, 

subsistence allowances where necessary, and other 
matters. The council intends to seek a meeting with 
the Prime Minister. 


The changes in hours of labour officially reported to 
have come into operation in the United Kingdom in 
June resulted in an average reduction of about 3} hours 
a week for about 260,000 workpeople. The principal 
industries or services affected were company-owned 
omnibus undertakings, and the road-transport section 
of the London Passenger Transport where the 
normal working week was reduced —_ 48 or 47 to 
44 hours ; the road-vehicle re in which 
the normal weekly working ae were es 4 fro 
47 to 44; a section of the heavy chemical industry, 
in which day-workers had a reduction in the normal 
working week from 47 to 44 hours and shift workers 
a reduction from 48 hours to 44 hours; a section of 
the chemical-fertiliser manufacturing industry, where 
the normal working week was reduced from 48 or 47 to 
44 hours ; and finally holloware manufacture, in which 





the normal weekly hours, beyond which overtime rates 
are to become payable, were reduced from 47 to 44. 


FLAT-BOTTOM RAILS ON THE 
L.M.S. RAILWAY. 


It is now over ten years since the London Midland 
and Scottish mie A Company decided to experiment 


with flat-bottom and the information contained 
in the notes on these developments, which 
have been Mr. .W. K. Wallace, C.B.§., 


M.I.C.E., Chief Civil , should therefore be «{ 
interest. - Flat-bottom rails were introduced to i improve 
the strength and stability of the track, to conform with 
the requirements of high-speed traffic. Furthermore, 
the maintenance and tenewal of all types of tresk were 
cares by introducing measured shovel packing for 
in 1934, and relaying by crane with pre-asse1- 
bled track in 1938. The latter development was dc- 
scribed in ENGINEERING, vol. = pool 571 (1946), and 
some remarks on measured shovel packing are given 


It 9 was importart to compare = experimental 
lengths of flat-bottom rails side by side with the 
British Standard 95-lb. -head rail (B.S. 
No. 9, 1935), in several Eifocent locations affording a 
variety of conditions, especially in relation to tratlic 
and . The sites included two at water- 
troughs, one at the run-off end of a water-trough, one 
close to the sea coast, and others where heavy, den<e, 
and high-speed traffic prevailed. The first trials, 
commenced in 1936, were with a track length of five 
miles of British Standard 110-lb. flat-bottom rail 
(B.S. No. 11, pole ws: and five different combinations of 
baseplates and fastenings were used. Two combina- 
tions were based on the American principle of a free 
rail on the Satine and two combinations on the 
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German of a fixed rail. The free-rail principle 
employs a Co which allows the rail to move 
vertically on the baseplate under the action of the 
‘sais asdined Uo. a peniinienias and the fixed-rail 
apm uses a fastening, generally of the clip and 

type, which fixes the rail to the base-plate. The 
fifth type to be given a trial was the elastic rail spike, 
which secures A rail and baseplate to the sleeper 
and, as its name implies, affords some elasticity to 
absorb the wave. 

In 1939, an additional 11 track miles of flat-bottom rail 
were laid: 6 miles of 110-lb. rail, and 5 miles of the 
American Railway Engineering Association’s 131-Ib. 
rail. Three types of supports and fastenings were used 
in about equal proportions in each | The three 
baseplates with elastic rail 
crs = vag with elastic rail spikes; and 
clips and bolts securing the rail to the cast-iron- base- 

, with three standard screws and wood ferrules 
fastening each baseplate to the sleeper. Poplar-wood 
pads, each about ¥,-in. thick, were inserted between 
the rails and base on the two German types laid 
in 1936, and on all the types laid in 1939. On all the 
baseplates used in both years the undersides were 
ribbed in a shallow tri pattern, the ribs fitting 
into pre-cut grooves on tops of the sleepers. The 
maintenance expended on all these forms of bottom 
rails, supports and fastenings was recorded, and used 
as & e to further developments. In 1944, about 
5 track miles of 110-lb. flat-bottom rail were laid with 
an improved baseplate. It had a cambered rail-seat, the 
underside was not formed with ribs, and additional 
—e was provided for the elastic rail es by 

the thickness of the baseplate in the region 
of the holes, Three spikes were used for each baseplate, 





which, however, was provided with six holes to give 
alternative positions for the spikes wherever the 
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THE MILAN-DOMODOSSOLA RAILWAY. 




















Fic. 1. Overneap Line; at ARONA STATION. 








Fic. 2.. Typrcat SuBstTaTIon. 


sleepers had split or the gauge of the track had become 
widened. The poplar-wood pad was discarded. 

The 110-1b. rail, however, had been designed primarily 
for securing directly to wood sleepers, and it was appa- 
rent that an improved cross-section of rail could be 
designed for British railways. In particular, the ratio 
of vertical stiffness to weight, and the strength of the 
fishplate joint, could be increased. The L.M.S. accord- 
ingly collaborated with the other railway companies 
and the Railmakers’ Association, in designing an 
improved cross-section of flat-bottom rail; and the 
result ‘was a rail weighing 113 lb. per yard, of which 
& cross-section is shown on the opposite page, together 
with a cross-section of the fishplate. The moments of 
inertia about the horizontal axis (Izz), and about the 
vertical axis (Iyy), and the ratio of Izx to weight per 
yard, are given in Table I, below, for the four sections 


TaBLe I. 





95 Ib. | 1101b. | 449 yp, | 132 1b. 
bull- | fiat | *ES0 | fiat 
head, | bottom, | ,cttom | bottom, 
BS. | BS. A.R.E.A. 





Iez Of rail,in.* .. ..| 84°7 67°17 66-0 88-5 
I os <a a 4-08 11-22 8-88 _— 

: Imeto weight (rail)) 0-365) 0-522) 0-584) 0-676 
Izz of fishplate, in.‘ oe 5-88 12-25 20-24 32-2 
Ratio: Igz (fishplate) to 
Ieg (rail), percent. ..| 16-9 21-4 30-7 36-4 

















of rail to which reference has been made. Izz for the 
corresponding fishplates, and the ratio Ivz (fishplate) 
to Ixz (rail), expressed per cent., are also given. It 
will be observed that vertical stiffness is better for the 
113-Ib. rail than for either the 95-lb. bull-head or the 
110-Ib. flat-bottom rails; but the Jateral stiffness of 
the 113-Ib. rail is between those for the 95-lb. rail and 
the 110-Ib. rail. The vertical stiffness of the fishplates 
for the’ 113-Ib. rail shows a considerable improvement, 
both in magnitude and in proportion to the vertical 
stiffnesss of the rail. 

About 14 miles of track were laid with 113-Ib. rail 
during 1946, Cast-iron and rolled-steel base 
have been used. ‘The cast-iron baseplates are generally 


similar to those used for the 110-Ib. rail in 1944. The 
rolled-steel baseplates have flat rail-seats, six holes, 
no ribs on the underside, and no wood pad is used. The 
fishplates used with the 113-Ib. rail have four bolts, and 
the sleepers at the joints are placed closer together than 
elsewhere, to give additional support. Some progress 
has also been made with the construction of points and 
crossings in 113-lb. flat-bottom rail. The L.M.S. is 
represented on a committee of representatives of the 
other railway companies and the manufacturers, which 
were appointed to design switches and crossings using 
113-lb. rail. Some experimental layouts, including 
ordinary turn-outs and a diamond-crossing with single 
slip, were laid in 1946. The total lengths of equivalent 
si track laid in each type of flat-bottom rail on the 
L.M.S. are now 15} miles of 110-lb. rails, 19 miles of 
113-lb. rails, and 54 miles of 131-Ib. rails. Additional 
113-lb. rails will be laid in straight tracks and points 
and crossings this year. 

As already mentioned, some information on measured 
shovel packing has also been provided by the L.M.S. 
This method of mainfaining the correct level of track 
has been improved since it was introduced on the 
L.M.S. in 1934, and it is now a well-established practice. 
The wastage of ballast is most pronounced beneath 
each intersection of the rails and sleepers, and measured 
shovel packing is an accurate method of making up this 
loss to restore the level of the track. The quanti 
of ballast chippings required under each side of eac 
sleeper is determined by measuring how much the rail 
is out of level when in its erigrencte yw aay — 
much it is depressed under dynamic ing. 
former is determined by means of sighting boards, and 
the latter (a measure of the void under the sleeper) is 
determined with an instrument known as a “ Void- 
meter.” The sighting boards and Voidmeter both give 
measurements directly in terms of a standard canister 
of chippings, and the two readings are added together 
to give the quantity required. The stone chippings, not 
more than in. in size, are spread on the ballast under 
the sleeper for a width of about 15 in. on each side of the 
rails. Measured shovel packing has resulted in a more 





lasting foundation and has increased the periods 
between re-packing. Since it was introduced, the 
method of application has been simplified considerably. 


ELECTRIFICATION OF THE MILAN- 
DOMODOSSOLA RAILWAY. 


Raltway communication between Italy and the 
rest of Europe has been improved recently the 
conversion of the line from Milan to Domodossola, at 
the entrance to the Simplon tunnel, from steam to 
electric working. This conversion forms part of the 
general electrification of the Italian railways which 
was in progress before the war, and will enable the 
journey times between the terminal points to be 
reduced from 2 hours 55 mins. to 1 hour 45 mins. 

The distance from Milan to Domodossola is 78 miles, 
the line being double-tracked as far as Gallarate, with 
gradients not exceeding 6 per cent. and curves with a 
radius not less than 2,640 ft. Between Gallarate and 
Arona there is only a single track, with gradients 
increasing to 12 per cent., and curves which are sharper, 
the minimum radius being 1,150 ft. There is a tunnel 
about 600 yards long between Vergiate and Sesto 
Calende, from which point the line descends to cross the 
Ticino by a 870-ft. bridge. Between Arona and Domo- 
dossola the line is again double-tracked, while the 
gradients ease to a maximum of 6 per cent. and the 
curves to a radius not less than 2,000 ft. 

The route followed between Milan and Gallarate is 
common both to the Simplon railway and to the Milan- 
Varese-Porto Ceresio line, which was electrified on the 
direct-current third-rail system early in the century. 
This has necessitated the extension of the track work 
to Gallarate in order to separate the two systems. It is 
also proposed to re-build the station at this place and to 
construct passenger subways as soon as possible. 
Similar work, involving the re-arrangement of 12} miles, 
out of 16 miles, of track has also had to be carried 
out at Domodossola where the 15,000-volt single-phase 


current system of the Italian railways make an end to 
end connection. 

On several sections of the line it has been necessary 
to lower the track from 10 in. to 24 in. owing to the 
greater height of the electric locomotives; this neces- 
sitated the excavation of considerable quantities of 
rock by pneumatic hammers and the temporary 
adoption P single-line operation. The power for this 
excavation was obtained from plant which was erected 
on seven working sites. On six of these, a substation 
with an electrically-driven compressor, was installed, 
while at the seventh a similar compressor was driven 
by a petrol engine. Ten oil-engine locomotives, 120 
Decauville freight cars and six miles of portable track 
were ge ey for the removal of the spoil. In the 
tunnels, the lowering of the track also necessitated the 
reconstruction of the drainage system. Other work, 
some of which has not yet heen completed, included 
the rectification of curves and the erection of buildings 
for the use of the personnel. 

As already mentioned, the line, like the rest of the 
electrified sections of the Italian State Railways, is 
operated on the 3,000-volt direct-current system, with 
an overhead trolley wire. This construction is shown 
in Fig. 1, which is a view of the entrance to Arona 
station. Power for this is obtained from the 
45-kV three-phase network through three substations, 
which are situated, respectively, at Gallarate, Arona and 
Vogogna. At these substations, one of which is illus- 
trated in Fig. 2, the incoming supply is controlled by 
outdoor swi and passes through transformers, 
which are also mounted out of doors, to two 2,000-kW 
rectifiers. These sections, which are installed in the 
building visible in the illustration, are connected on the 
direct-current side with those in the other substations. 

One result of the electrification is that it has been 
pate to increase the average s of the trains 
tom 35 m.p.h. to 70 m.p.h. and consequently to 
increase the number of trains correspondingly. An 
up-to-date signalling system has therefore become a 
necessity, although it has not been possible so far to 
complete its installation owing to the shortage of 
materials. Eventually, however, it is intended to 
install a cab-signalling system as the line, especially 
between Arona and Mergozzo, is often sited so that 
the minimum visibility required by the State Railway 

‘ tions is not attainable. The original. overhead 
telephone line between Milan and Domodossola is also 
to be replaced by a cable. This has been laid already 
between Mergozzo and Domodossola and will, it is 
hoped, be completed before the end of the present year. 





NEw SPANS FOR A .BRUNEL BRIDGE.—The Great 
Western Railway are to carry out an important structural 
alteration to Ohepstow Bridge, carrying the Newport- 
Gloucéster lines over the River Wye. The bridge, 
designed by Brunel in 1852, consists of a 300-ft. tubular 
span over the river and three 100-ft. land spans at the 
south end, 50 ft. in height. The work involves the 
replacement of the wrought-iron land spans, carried on 
‘the top of cylindrical piers, by new steel spans of modern 





design. The new steel] spans weigh about 600 tons. 








system of the Swiss railways and the 3,000-volt direct-. 
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PHOSPHORUS-DEOXIDISED COPPER 
CONTAINING BISMUTH.* 
By T. H. Scnorreip, M.Sc., and F. W. Cucxow, B.Sc. 


Tue work described in this paper was completed in 
June, 1944, and was carried out at the yo of 
the British Non-Ferrous Metals Research iation 
in connection with their investigations on the working 
and mechanical properties of copper. These investi- 
gations have shown that colhcolibd nen-eeibie? hos- 
rane a aa copper containing small quantities of 

ismuth is brittle at room temperature after quenching 
from 550 . C., but ductile after quenching from 
750 deg. C. e cause of this brittleness has not been 
established, but it is inferred that it may be due to 
intercrystalline films. Since examination of mechani- 
cally polished specimens with the optical microsco 
showed no differences between brittle and ducti 
material, the Association asked the National Physical 
Laboratory to examine such specimens by means of 
the electron microscope in the hope that the greater 
or of that instrument might reveal such films, 
if any. 

Blazey, in 1927, first observed that certain grades 
of arsenical copper showed intercrystalline weakness 
when annealed in air below 600 deg. to 650 deg. C. 
This brittleness disappeared on prolonged heating at 
or above 600 deg. to 650 deg. C. In his early work, 
Blazey found no satisfactory explanation of the pheno- 
menon and later (in 1929) attributed the brittleness to 
small amounts of bismuth. Smith, in the discussion 
of Blazey’s paper, suggested that the brittleness could 
be explained if one assumed that the solubility of 
bismuth in copper increased with temperature. On 
annealing at certain lower temperatures, some of the 
bismuth soluble at higher temperatures might be 
precipitated along the grain boundaries and cleavage 
planes and result in brittleness. In work carried out 
at the National Physical Laboratory, brittleness was 
also found in cold-rolled low-oxygen copper strip 
containing bismuth and antimony when annealed in 
air below 590 deg. C. The brittleness was removed 
annealing at 700 deg. to 750 deg. C. The present wor 
was concerned with the microscopical examination of 
three samples, each in the brittle and ductile conditions, 
of cold-rolled copper containing varying amounts of 
bismuth and one sample of bismuth-free copper. In 
preparing the specimens for examination by means of 
the electron microscope, electrolytic polishing was used 
and the quality of the polishing was examined under 
the optical microscope. During this examination, 
certain differences were observed between ductile and 
brittle material and subsequent electron-microscopical 
examination confirmed and extended these findings. 

The material submitted for the investigation by the 
British Non-Ferrous Metals Research Association con- 
sisted of four samples of cold-rolled and annealed 
non-arsenical ph orus-deoxidised copper strip desig- 
nated KAV 71, V91, KAV105, and OXH 4, 
containing 0-00005 (“ bismuth-free ”), 0-005, 0-0075, 
and 0-015 per cent. bismuth, respectively. Each 
sample was 0-3 in. thick (except 4, which was 
0-03 in. thick) and was available in two conditions, 
namely, (a) bright annealed at 550 deg. C. for 1 hour 
and quenched in water (brittle condition except the 
“ bismuth-free ” sample), designated by the suffix “ A ” 
to the identification numbers, and (5) bright annealed 
at 750 deg. C. for $ hour and quenched in water (ductile 
condition), designated by the suffix “ B ” to the identi- 
fication numbers. 

Because previous investigators had not observed 
significant differences in the microstructure of ductile 
and brittle specimens mechanically polished, and 
because it was considered that 2 surface free from the 
effects of cold work was desirable, particularly as it 
was intended to examine surface replicas by means 
of the electron microscope, it was decided to 
the surfaces by electrolytic polishing as descri by 
Jacquet.t Specimens, either 2 cm. by 2 cm. or 2 cm. 

1 cm., of each of the materials were prepared for 
electrolytic polishing by rubbing down the surface to 
be polished on coarse emery paper and then on emery 
paper of pro; ively finer grades down to “00” 
(Hubert). scratches were then removed on a 
nr oe of broadcloth charged with fine alumina 
and lubricated with water, after which the surface 
was ready for electrolytic polishing.§ 


* Communication from the National Physical Labora- 
tory, entitled “The Microstructure of Wrought Non- 
Arsenical Phosphorus-Deoxidised Copper Containing 
Small Quantities of Bismuth,” presented before the 
Institute of Metals, London, on Thursday, May 22, 1947. 
Abridged. 

t Trans. Electrochem. Soc., vol. 69, page 629 (1936). 

+ Specimens of KAV 91 were first carefully filed as 
the surface material had not been removed by machining. 
Owing to the small gauge of JXH 4 it was not possible 
to file the surfaces of specimens of this material. ¢ 

§ Specimens of KAV 91A and 91B were also polished 
mechanically. 
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Fie. 3. KAV 91a. Unercuep. x 3,000. 


The electrolyte used for electrolytic polishing con- 
sisted of an aqueous solution of orthophosphoric acid 
(530 grammes of orthophosphoric ‘acid, density 1-75 
grammes per millilitre per litre). The parts of the 
specimen which were not required to be polished were 
coated with a solution of polystyrene in benzene and 
the specimen was immersed in the electrolyte with the 
face to be polished uppermost. The cathode, consisting 
of a piece of 20-gauge electrolytic copper sheet 2 in. 
by 2 in., was horizontally 3 cm. above the 

imen. The electrolyte was at room temperature 
(16 deg. to 20 deg. C.) and was not stirred. A current 
density of 0-02 to 0-03 ampere per square centimetre 


at a voltage of 1-8 to 2-0 was maintained for 40 minutes, | Th 


although the majority of the scratches were removed 
in about half this period. Measurement showed that 
the depth of material removed from the surface during 
this period was about 0-025 mm. Similar conditions 
were used for polishing all the specimens. The polished 
surfaces were first examined in the unetched condition 
and then after etching in either an acid solution of 
ferric chloride in alcohol or in a 20-per cent. aqueous 
solution of ammonium persulphate. The ammonium 
—— was invariably used for etching surfaces 

m which replicas for the electron microscope were 
required, as the replicas could not be detached satis- 
factorily from surfaces etched in the solution of ferric 
chloride. 

All specimens, both in the unetched and etched 
condition quenched from 550 deg. to 750 deg. C., 
showed numerous fine spots which were also observed, 
but less prominently, in the mechanically-polished 
specimens of KAV 91A and 91B. The spots had a 

Be grea diecg Bet ey ge vet 
phate aleg produced during the deoxidation of the 
r. In electrolytically-polished specimens slight 
attack at the boundaries of these inclusions 
appeared to have occurred which accounted for their 
greater prominence. In addition to these slag inclu- 
sions, P prermrenears quenched from 550 deg. C., except 
the “ bismuth-free”. specimen KAV71A, when ex- 
amined in the unetched condition, showed dark lines. 
In the etched condition the lines were not readily 
discernible, mainly because they are present in the 
0 boundaries. It is evident, however, that the 
I do not always correspond to prominent grain 





MICROPHOTOGRAPHS OF COPPER. 





Fie. 2. JXH 4a. Unercuep. x 3,000. 





Fia. 5. 
ErcHep. xX 3,000. 


Fie. 4. 
Fies. 4 anp 5. KAV Qla. 


boundaries, neither do prominent grain boundaries in- 
variably correspond tolines. The lines were frequently 
discontinuous and sometimes projected into grains. 
When sufficiently thick they had a dark-red appearance. 

The number of lines increased with the bismuth 
content, although the difference in number observed 
between the specimens containing 0-005 cent. and 
0-0075 per cent. bismuth (KAV 91A and KAV 105A, 
respectively) was not marked. None of the specimens 
quenched From 750 deg. C. showed such lines. The 
surface of each specimen was in rubbed down on 
emery, repolished electrolytically and re-examined. 
@ process was repeated at least three times and the 
same results were ap in each case, aie oo 
specimens quenched from 550 deg. C. invariably show 
lines and those specimens quenched from 750 deg. C. 
were free from lines. 

When a specimen showing lines (KAV 105A) was 
heated at 750 deg. C. for half an hour and quenched, no 
lines were visible. On the other hand, a specimen 
which did not show lines (KAV 105B) when heated at 
550 deg. C. for periods up to 6 hr. in a vacuum did not 
show lines unless an intermediate stage of cold work 
was applied, when some lines were visible after heating 
for 1 hr. at 550 deg. C., although these were not so 
numerous as those in the original specimens quenched 

550 deg. C. The cold work applied to the speci- 
men consisted of reducing the thickness of the strip 
25-per cent. by cold rolling. It was considered that, 
if the lines were due to bismuth or a constituent con- 
taining bismuth t in amounts greater than the 
solubility of bismuth at 550 deg. C., it might be — 
to cause spheroidisation a annealing 
550 deg. C. A specimen of Y 105 waé heated in a 
vacuum at 550 deg. C. for 112 hours and quenched. 
Before preparation for polishing y in. was machined 
from the surface. No evidence of spheroidisation of 
the constituent was observed, but the number of lines 


rigewed to be fewer. 

ter heating specimens of KAV. 105A at 550 deg. C. 
for periods of 6 and 112 hours, the grain-size pro- 
gressively increased and observations were made to 
see if the lines still appeared in the grain boundaries 
after grain growth. Misroscopicel examination showed 
that some grain growth had occurred, but the lines 
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Fie. 6. KAV 105a. Ercuep. x 3,000. 





Fie. 8. KAV 91a. Etcuep. x 3,000. 


were again situated in the grain boundaries. Heating 
for a period of 112 hours at 550 deg. C., which poe re 
in further grain growth, showed that the lines observed 
were still present in the grain boundaries. From these 
experiments it is not possible to conclude whether 
migration of the lines had occurred with prolonged 
heating at 550 deg. C., or whether grain growth had 
taken place only at grain boundaries where lines were 
not visible. 

After these effects had been observed by means of 
the optical microscope, surface replicas off the speci- 
mens in an electrolyticall lished but unetched 
condition were pre with Formvar* in the manner 
described by Schaefer and Harkerf with the added 
precaution 0 allowing the solvent (dioxan) to Sere 
in dry air. Evaporation in free air often resulted in 
the formation of a white film (“ blooming”). Examina- 
pa in the electron microscope showed that this white 

ce was due to the presence of a multitude of 
, less than a micron in diameter, in the replica 
fim "On examining the surface replicas in the electron 
microscope (R.C.A. t B), it was seen that those 
from specimens quenched from 550 deg. C. showed 
frequent bright lines which were not shown at all by 
replicas from specimens quenched from 750 deg. C. 
These bright lines are shown in Figs. 1, 2 and 3, 
opposite, the first two corresponding to specimens 
JXH4A and the third to specimen KAV91A. The 
ification is 3,000 in each case. 
ith this type of replica an elevated area on the 
specimen leads to a relatively thin area on the replica, 
and so to a dark area on the photographic plate, and 
finally to a light area on the printed micrograph. The 
bright lines in the printed micrographs, therefore, 
correspond to ridges on the specimens, and it is thought 
that these ridges are the edges of films exposed by 
differential attack during the electrolytic polishing. 
It should be noted that each bright line is flanked by 
a dark one indicating an area lower than the — 
surface of the specimen. It is possible that the feature 
to be seen in top left-hand corner of Fig. 1 is a film 
lying on a plane only slightly inclined to the surface 
of the specimen. It is interesting to note that two 
of the ridges in Fig. 2 along their length in a 
series of steps, and not as a continuous line. 

Figs. 4 to 7, on this and the opposite pages, show 
electron micrographs obtained from replicas of brittle 
specimens aftér electrolytic polishing and etching in 
ammonium persulphate solution for 10 seconds. As in 
the optical work, difficulty was experienced in locating 





* Synthetic resin, polyvinyl formal, Messrs. Shawini- 
gan, Limited. 
t Jl. Applied Physics, vol. 13, page 427 (1942). 








Fie. 9. KAV 9la. Ercuep. x 15,000. 


any effects which could be associated with the presence 
of films. The prominent bright lines found in the 
replicas from unetched specimens were missing, but 
fainter lines were noticed in a few places. They were 
much less prominent than those shown by unetched 
specimens. It is possible, however, that the effect is 
more widespread than these remarks indicate and that 
it is obscured by the wealth of detail revealed within 
the grains by etching. Similarly, electron micrographs 
were prepared from replicas of the ductile specimens 
after The same polishing and etching treatment, but 
in this case there was no indication whatever of bright 
lines. 

In examining these two groups of micrographs for 
other significant differences, little further aid be 
seen, apart from the small black tail-like features to 
be seen in . 4 to 7 at the triple junctions of crystal 
boundaries. It was found that these were distributed 
over the etched specimens quenched from 550 deg. C., 
but could never be found on the etched specimens 
quenched from 750 deg. C. Also they always ran from | those 
a triple junction of crystal boundaries and, in the case 
of specimens etched for 10 seconds, were usually obvi- 
ously transcrystalline. (A small minority ran in the 
direction of a crystal boundary, but it could not be 
determined if they were or were not intercrystalline.) 

On close inspection of Fig. 4, it is noteworthy that 
the end of the black tail-like feature remote from its 
root at the triple junction of crystal boundaries, 
terminates abruptly on one of these boundaries. In 
many cases a circ oe ane ar ee 
pee Sey and the tail-like feature ran from it. 
the effect was never observed in unetched Pain ng 
it was accentuated by heavier etching. Figs, 8 and 9, 
on this page, show the effect after 30 seconds etching 
in ammonium-persulphate solution. Fig. 8 shows the 
thin end of the tail-like feature terminating at a circular 
dark area (the latter indicating a pit in the surface of | th 
a specimen). A similar effect was noticed in other | the 
micrographs. In the case of the more heavily etched 
specimens, the tail-like feature (now developed to a 
form more like that of an arrow-head) often ran in 
the direction of a crystal boundary. It was not usually 

ible to determine if the effect was then actually 
intercrystalline, owing to the diffitulty in locating the 
pr boundary in the micrographs amid the wealth 
of other detail. On the other hand, it can be stated 
definitely that the effect was still sometimes trans- 
crystalline. No e tion of this effect is attempted 
at present ; the probability of its a falsity due 
to the replica technique is considaeelte, but it is 
em; that even if this were so the effect is 
associated with the brittle material only and may | 330 
still provide information of value. 
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NOTES ON NEW BOOKS. 


ing Calculations and Technical 
Vol. 1. By Jd. Sronzy, B.Sc. (Lond), 
The The English Universities Press, Limited, St. Paul’s 
House, Warwick-square, London, E.C.4. [Price 
10s. 6d. net.] 

Tats is an elementary book intended for students 
a first-year course in engineering science. 
Rather more than half of it is devoted to er 

mathematics and the application of simple arithmetic 
algebraical and trigonometrical calculations to a 
variety of elementary problems of a technical nature. 
Contracted methods for multiplication and division 
t have been usefull YORE, Sees, Be San ot Doge 

is not touched upon, although four-figure tab 
rithms are given at the end of the book. There 
ve chapters on mechanics, the subject matter in 
which i is mainly restricted to brief and, in too many 
cases, unexplained, statements of fundamental prin- 
ciples and formule. The chapter dealing with mecha- 
nical work, energy and power is not entirely satisfac- 
tory ; the educational value of dhe entire 
mechanics section is doubtful, unless this section of the 
book is intended to be amplified by a course of 
lectures gi ee The last 
two chapters deal briefly with simple heat and tempera- 
ture problems. The necessity for clearly stating 
units of ment has not been sufficiently stressed, 


of 


‘| and no attempt appears to have been made to emphasise 


the important fact—so often di by students 
at this early stage of their work—that both sides of a 
mathematical equation must represent the same 

It may be pointed out, too, that the unit 
for well is not usually written ft./lb., which may be 
interpreted as ft. per lb. ; and that the gravity constant 
g has dimensions and is not simply 32-2, as given in the 
book. 





| Mine Economics. By Pnorzssor S. oe TRuscorr. 


| Second edition. Mining Limited, 
Salisbury House, London, E.C.2. [Price 35s. net.) 


ProsaBty the greatest hazard in metalliferous mining 
is the relative uncertainty of the amount and quality 
of ore that may be present in one area, and Pro- 
fessor Truscott tightly devotes the first 200 pages of 
his book to a detailed description, and commentary, 
of modern methods of sampling and valuing the various 
types of ore deposits. eral reserves can only be 
estimated effectively by adequate exploration and 
sampling, and, in addition to describing the technique 
of modern practice, the author includes a comprehensive 
and critical consideration of the degree of reliability 
that can be placed on sampling results. The numerous 
factors to be considered when assessing the present 
value of a mine are given full consideration. While 
no attempt has been made in the revised edition to 
allow for the rising trend of costs, the examples given 
may still be regarded as showing the relation of indi- 
vidual operating costs to each other and to the total 
cost of mining. The complications of income-tax 
assessments have been brought up to date, however, 
and a summary is given of present tax assessments in 
the United States, Canada, South Africa and Australia, 
while the appendix reviews recent annual financial 
statements of typical mining companies. This masterly 
treatise on mine economics is written primarily for 

those engaged in the metal-mining industry, but the 
chapters on company structure, accounts, manage- 
ment, and other general aspects of the organisation and 
administration of mining companies should also interest 
anyone who uses metal as a raw material. 





By Singleness of Purpose. J. Stone and Company, 
Limited, Deptford, London, 8.E.14. 

Tue catalogue of the Great Exhibition of 1851 con- 
tained the entry “ Josiah Stone—Copper Nails.” At 
that time, and in earlier years, the , now known 
as J. Stone and Company, Limited, was manufacturing 
various t of fittings and plant for naval and 
merchant ships. Copper nails have not disappeared 
from the list of manufactures, but in the history of a 
ames years their relative importance has declined, 
in the course of the recent war, the output of 

the sty allied type of product—light-alloy rivets— 
amounted to more than fourteen thousand million for 
aircraft alone. Rivets, however, occupy only a brief 
space in the record of war work which has been pre- 
pared, but they illustrate the remarkable progress 
made both in quantity and type of output. A farther 
illustration is furnished by marine propellers, for which 
the firm is world-famous, fom of which they began the 
manufacture in 1884; the output during the war was 
22,000. Like many other firms, Stone’s found it 
necessary greatly to extend their range of manufac- 
tures during the war, but in general these were not 
out of line with their peace-time activities. Thus 
a a types of electrical equipment, such - 

000 voltage for aircraft, represented 
Sia Gf wells Sueeed: bp the Wain lighting onuigmante 
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France it is not surprising that they suffered more 
than their fair share of aerial bombardment, but, 
neither was ever closed down. Deptford was for- 
tunate in that it at no time received a direct hit, 
_bombs or rockets 
an area of about 
around the works, some 54 bombs, 


tunate difference that there were two or three cases 
of direct hits. Thig well-illustrated record of the war 
_years is compiled with literary ability and gives a 
s over-all picture of one particular example. of 
how the British ec) industry performed its 
heavy task between 1939 and 1945. 


The Principles and Practice a Mine Ventilation. By: 
Drs. David Penman and J. S. Penman. Second 
edition. Charles Griffin and Company, Limited, 
42, Drury-lane, London, W.0.2. [Price 30s. net.] 


THOUGH written ily as a text-book for students 
reparing for the statutory examinations for Colliery 

rs’ Certificates of Competency, this treatise . 

ed by many mining officials as their standard 
reference book on ventilation. The publication of the 
revised edition, at a time when up-to-date mining 
text-books are scarce, will be greatly appreciated, 
therefore, by all mining students. Clearly written and 
adequately i illustrated with 230 diagrams, the book 
gives a well-arranged and comprehensive account, of 
mine gases and general atmospheric conditions in 


underground workings; the fundamental princi 

of. ventilation and the construction and cones of 
mine fans; the causes and the methods of preventing 
colliery explosions and underground fires; and rescue 
apparatus and recovery operations. New sections 
have been introduced, dealing with the progress 
made during the past 20 years in the construction of 
mine fans, safety lamps, firedamp detectors, and the 
technique of ventilation surveying. A more detailed 
account of important developments, such as the d 

~ operating characteristics of axial-flow fans, m= 

have enhanced the value of the book, and the oppor 

tunity should certainly have bnoata talbens bo disnant the 
antiquated examples of mine plans which are used to 





illustrate the distribution of the air underground. |. 


ite such minor criticisms, however, this book 
can be confidently recommended to mining stelsate 
and others requiring reliable information on mine 
ventilation. It is; unquestionably, one of the best 
books available on the subject. 





CATALOGUES. 


Degreasing Equipment.—We have received a leaflet 
“describing the ‘‘ Petco ” trichlorethylene degreasers pro- 
duced by the Petroleum Engineering and Trading Com- 
‘pany, Limited, High Wycombe, Buckinghamshire. They 
‘are intended for small works and garages; three sizes 
are available. 

Centreless Grinding Machine.—Messrs. Arthur Scrivener 
Limited, Tyburn-road, Birmingham, have sent us a 
publication containing operating instructions for their 
centreless grinding machine No. 1, models “‘O,” “* D,” 
and “controlled-cycle.” The instructions given are 
clear and explicit and are illustrated by numerous line 
diagrams and sketches. 

Steel Plate Construction.—A descriptive brochure 
entitled ‘‘ Platework for Every Industry,” sent to us by 
the Dominion Bridge Company, Limited, Lachine, 
Quebec, Canada, illustrates the wide variety of such 
work handled by the firm for oil refineries, paper-pulp 
mills, hydro-electric plante, chemical works, etc. Ship- 
building and boilermaking are also included. 


Steel Tubing.—A useful catalogue entitled “‘ Gas List, 
Steel Tubes,’”’ has been received from Messrs. Wellington 
“Tube Works, Limited, Great Bridge, Tipton, Stafford- 
shire. This catalogue clearly defines the effect of the new 
British Standard Specification No. 1387-147, on the 
production and marking of the firm’s steel tubes for water 
and gas service and for steam or air service ; one of the 
classes of tube referred to is suitable for light structural 
work. 


_ Thread -Grinding Machines.—We have received from 
Messrs. Coventry Gauge and Tool Company, Limited, 
Coventry, a detailed and well-illustrated catalogue of 
their No. 39 and No. 46 “ Matrix” thread-grinding 
machines. The principles of operation of the “ Matrix ” 
machine were described in ENGINEERING, vol. 163, page 
104 (1947), in connection with a thread grinder capable 
of dealing with work } in. in diameter by 4 in. Jong. The 
machines described in the present catalogue embody these 
principles though there are naturally differences in detail, 
as the No. 39 machine will handle work up to 10 in. in 
diame ter by 20 in. long while the No. 46 machine handles 
wo rk of the same diameter up to 42 in. long. 





** ENGINEERING *’ ILLUSTRATED 
PATENT RECORD. 


ABSTRACTS OF SPECIFICATIONS RECENTLY 
PUBLISHED UNDER THE AOTS OF 1907 TO 1939. 
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AGRICULTURAL APPLIANCES. 


586,880. Swath Turner and Side-Delivery Rake. 
Martin’s Cultivator Company, Limited, of Stamford, 
Lincoln, and E. L. Jones, of Stamford, Lincoln. (2 Figs.) 
July 21, 1944—The machine can be adaptéd rapidly 
for either swath-turning or side-delivery raking. Two 
separate machines, each with its own driving mechanism 
for swath turning, are run side by side and drawn by a 
common drawbar which connects them and permits 
them to turn two swaths simultaneously or to be used 
for side-delivery raking. The swath turner of one 
machine is in advance of the swath turner of the other. 
Two travelling wheels 3 are keyed to a driving axle on 
which rotates the sleeved end of a cranked shaft 7. 
The other-end is secured in a bracket 9. The bracket 
carries & rear trailing wheel 11. On the axle is a bevel 
wheel 13, which engages a bevel pinion 14 secured to 








one end of a tube around the shaft 7. The other end of 
the tube is secured to a flyer formed by two plates 16, 
between which rake heads 18 are journalled. The bracket 
9 is supported by stays 19 from a sleeve 21 through which 
the axle passes. The axle 5 is connected by stays to a 
plate 26 at the front of the machine. The second machine 
is of similar construction. The front plates 26, 26', 
slide over a drawbar 28. When the two machines are 
coupled together as a swath-turner, the rake heads 18 
deliver the swaths outwardly. When the machine is to 
be used as a side-delivery rake, the positions of the two 
machines are reversed so that the forward rake heads 
deliver the swaths in front of the rear rake heads which 
then deliver the hay in the swath opposite its own rake 
heads, and also the hay which has been turned in front 
of it by the forward rake heads to the side of the machine, 
(Accepted April 3, 1947.) 


FURNACE APPARAT UB. 


587,078. Salt-Bath Furnace. Wiéild-Barfield Electric 
Furnaces, Limited,cf Watford, Herts., and H. S. Grene, of 
Watford, Herts. (3 Figs.) November 1, 1944.—Salt- 
bath furnaces usually consist of fixed units, and when 
itis desired to clean out the bath or to substitute another 
salt it is necessary to bale out the molten salt to enable 
the accumulation of sludge at the bottom to be removed. 
The invention is a salt bath which can be tilted or 
removed bodily to facilitate the removal of the molten 
salt. The furnace consists of a body 1 which houses the 
usual electrical gear, including a contactor and isolator, 
step-down transformer, controllable bi-metallic strip 
energy regulator 4, ammeter 5, and indicator lamps 6, 
tapping switch for the transformer, and knife switch. 
The body 1 has a pair of forwardly projecting side 
wings 11, with rotary supports for the bath 14. A 
removable mould 15, to receive the salt when the bath is 
tilted, is carried on the front of the bath and has 4 
serrated surface on which the salt will lie as it solidifies, 


so facilitating breaking it up for use again. The electrica) _ 
leads between the body and the bath are readily detach. 
able for removal of the bath, and include knife blades 16 
on the bath, which engage with fixed contacts 8 on the 
body to convey current to the electrodes in the bath, 
The electrical connection is automatically broken when 
the bath is tilted or removed. The bath is covered bv a 
hood 19 with lugs which centre it on the bath. ‘he 
hood is provided with a wire mesh observation window: 21, 
and a relatively small central aperture, to protect the 
operator from splashes. A tool post 22, with a work 
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suspension branch over the furnace, is supported in a 
socket. A lever can be inserted in a socket on the side 
of the bath to tilt the bath when required. A portable 
pyrometer 26 is carried, when not in use, in a third socket 
in one of the wings. A series of adjacent salt baths for 
successive stages of a process, preheating, hardening, 
quenching, and secondary hardening, can be arranged 
readily by bolting the wings of the furnaces against 
those of adjacent furnaces, so as to construct a fixed 
battery of successive baths along which the work under 
treatment can be progressed. (Accepted April 14, 1947.) 


MOTOR VEHICLES. 


585,917. Vehicle Ramp. W. Chaplin, of Dereham, 
Norfolk, and W. F. Crane, of Dereham, Norfolk. (4 Figs.) 
April 13, 1943.—The ramp is used on vehicles for trans- 
porting other vehicles, such as tanks, artillery and heavy 
lorries, and can be raised or lowered to allow the other 
vehicles to be loaded and unloaded from the vehicle. 
The ramp 1 carries an anchorage 2 for a cable 3, which 
Passes over a pulley to a helical spring 5 in the frame 6 
of the vehicle. The parts are arranged so that the 
spring is compressed as the ramp is lowered from the 
raised position shown in full lines to the lowered position 
shown by chain-dotted lines. The cable passes first over 
&@ curved cam 7 carried by the ramp frame and then 
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under a rod 8 running between links 9 carried in pivote 
on brackets projecting from a transverse beam 12 of the 
vehicle chassis. A bar 15 runs across the ramp 1 and 
when the ramp moves from the full-line to the dotted-line 
position, this bar moves down until it rests in recesses in 
the brackets. The links 9 then turn on their pivots and 
come to the final position shown in dotted lines. Mean- 
while, the cable 3 moves down and passes‘ over a guide 
roller14. Thecam 7 is shaped, in relation to the distance 
of the centre of gravity of the ramp to that of the 
cable from the point of pivot, so that the spring gives 
substantially equal reaction or restoring force on the 
ramps in all its positions. (Accepted February 28, 





1947.) 





